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THE 

APPLICATION OF ELECTRIC POWER 
TO MINES AND HEAVY INDUSTRIES 


CHAPTER I 

ELECTRICITY IN MINES 

Legislation. — ^What is a Mine ? The law affecting mines in 
the United Kingdom couples them with quarries A quarry is 
an open working more than 20 ft deep where persons are 
employed in gettmg slate, stone, coprohtes, or minerals. If 
the working is less than 20 ft. deep it is not a quarry ’’ in. 
the eyes of the law. 

AVhen the working is covered so that access to it is given 
either by a shaft or by a level into the side of a hill, the working 
becomes a mine. Eor the purposes of the Acts a mine includes 
every shaft in the course of bemg sunk, and every level and 
inchned plane in the course of being driven, and all the shafts, 
levels, planes, works, tramways, and sidings, both below 
ground and above ground, in and adjacent to and belonging to 
the mine 

Mines are divided into two classes. W'orkings for coal, 
stratified ironstone, mines of shale and mines of fireclay fall 
under the Coal Mines Act, 1911. All other mines fall under 
the Metalliferous Mmes Regulation Act. The dates of the 
principal Acts are : — 

The Metalliferous Mines Acts, 1872 and 1875. 

The Coal Mines Regulation Acts, 1887 and 1896, have lately 
expired, as the Coal MQines Act, 1911, which received the RoyaZ 
Assent on 16th December, 1911, and came into force on 
1st July, 1912, repealed them. 
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In connection with legislation it is necessary to remember 
that factories and workshops in and about a mine are dealt 
with by H.M. Inspectors of Mines, who, for that purpose, are 
appointed Factory Inspectors 


Special Rules. — The details of technical matters regarding 
provisions as to safety have hitherto been worked out under 
Special Rules imposed by the Secretary of State, which have 
the weight of clauses in the Act, with the advantage that they 
can be revised and brought up to date from time to time 
without setting in motion all the machinery required for the 
alteration of an Act. The 1911 Act is novel in that it deals 
by clauses with matters which have previously been dealt with 
by Special Rules. Powers are also taken for the imposition of 
General and Special Regulations in addition to the technical 
clauses, and such regulations may vary or amend any of the 
provisions above referred to. This may have been intended 
to cure the defect above complained of, but it does so only in 
part, as it does not remove the prejudice which must always 
exist in favour of any enactment which has had the collective 
wisdom of Parhament concentrated upon it. 

Why should there be Special Rules for the Use of Electricity 
in Mines ? 


1902. Departmental Committee. — ^In 1902 a question was 
raised in the House of Commons wdth reference to accidents 
that had occurred, and a Departmental Committee, consistmg 
of three Home Office officials and three other persons, was 
appointed to inquire into the use of Electricity in Coal and 
Metalhferous Mines and the dangers attending it ; and to 
report what measures should be adopted in the interests of 
safety by the estabhshment of Special Rules or otherwise. 

This Committee duly sat and heard evidence from fifty-six 
witnesses, after consideration of which they drew up a Report 
(Cd. 1916) dated January, 1904, in which they stated : — 

“We anticipate great advantages from the use of electricity 
and believe that it will lessen the severity of the toil of the 
m in ers and the labour of getting coal. W^e are convinced, of 
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the necessity of taking precautions against avoidable accidents, 
and of laying down rules for the use of electricity in mines/’ 
The Committee attached to their Report a large number of 
rules, which they suggested might properly be imposed. Under 
the provisions of the Mines Act persons interested had the 
opportunity of objecting to proposed rules ; this led to very 
long conferences and discussions and to the rules being con- 
siderably cut about — ^in some cases with advantage, in other 
cases they were mutilated. 

The rules, as amended, were agreed with the persons 
interested and imposed early in 1905. 

The Committee had stated in their Report that the appli- 
cation of electricity to mining work was still in its initial 
stages. The practice and opinion of engineers differs consider- 
ably, and it is therefore by no means easy or desirable to 
prescribe too rigidly the systems that ought to be employed.” 
They advised that the fullest latitude be given to the great 
development of electrical machmery in mining, which we 
believe is about to take place, and desire to record our emphatic 
opinion that those who are to use it, and be exposed to any 
dangers that may arise from it, have a right to demand that 
every precaution should be taken that is reasonably possible 
to secure their safety.” They pointed out that in the record 
of accidents which have occurred, the cause can almost always 
be traced to bad plant or arrangements,” and further stated 
that bad work, even in the first instance, does not save 
20 per cent, of the prime cost and always ends in occasioning 
far more loss than the mitial saving.” 

They emphasised four cardinal points or general principles 
which should govern the use of electricity in mines : — 

(1) That the electrical plant should always be treated as a 

source of potential danger. 

(2) A plant, in the first instance, should be of thoroughly 

good quality, and so designed as to ensure immunity 
from danger by shock or fire ; and periodical tests 
should be made to see that this state of efficiency 
is being maintained. 

(3) All electrical apparatus should be under the charge of 

competent persons* 


B 2 
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'■ (4) AU electrical apparatus which may he used when there 
is a possihihty of danger arising from the presence 
of gas should he so enclosed as to prevent such gas 
heing fired hy sparking of the apparatus ; when 
any machine is working every precaution should he 
taken to detect the existence of danger, and on 
the presence of gas heing noticed such machines 
should he immediately stopped.” 

Since 1905 there has heen an enormous development in the 
use of electricity in mines. Accidents and fatalities have 
naturally occurred, hut, the number of fatal accidents due to 
the use of electricity has never reached a figure greater than 
1 54 per cent, of the total number of fatal accidents in mines. 

When considermg this figure one must remember that there 
is no record of the number of mines in which electricity is 
employed, or the total number of persons who may be there 
exposed in their employment to accidents due to electricity. 
The 1911 Act calls for an annual return for each mine 
showing, among other things, the type and aggregate horse- 
power of electrical apparatus, so that statistics on this point 
will in future he available. 

1909. Departmental Committee. — In October, 1909, the Sec- 
retary of State appointed another Departmental Committee, 
consisting of two Home Ofi&ce officials and one other person, 
to inquire into the working of the existing Special Rules for 
the use of electricity in mines, and to consider whether any, 
and if so what, amendments are required. This Committee, 
after having heard evidence from thirty-six witnesses, drew up 
a Report (Cd. 6498) dated December, 1910, to which they 
attached a revised set of suggested Special Rules and expressed 
the following conclusion : — 

“ Apart from the more concise arrangement and wording 
of the revised rules, it will be seen that the main directions 
in which the requirements to be met have been strengthened 
are the following : 

“ (1) By prohibiting the use of electricity where on account 
of the risk of explosion such use would be dangerous. 

“ (2) By providmg that inflammable material shall not b© 
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used in the construction of motor rooms where there 
exists the risk of fire. 

“ (3) By more stringent regulations as regards the earthing 
of the outer coverings of apparatus. 

“ (4) By clearly setting forth the conditions to be fulfilled 
by switchgear. 

“ (5) By insisting upon the better mechanical construction 
of cables and apparatus. 

“ (6) By providing for the proper supervision of apparatus.” 

The new Special Rules were duly proposed, objected to, 
and now have been amended as agreed and published in the 
usual official form (202,538), 17th February, 1912. 

Coal Mines Act, 1911. — ^While these Special Rules were bemg 
proposed the new Coal Mines Bill was considered in Parliament 
and was passed in December, 1911. The new Mines Act 
came into force in July, 1912, the new Special Rules bemg 
adopted as General Regulations with such verbal alterations as 
may be necessary. 

Under the 1904 Special Rules there w'as no absolute pro- 
hibition of the use of electricity in a mine, but the conditions 
under which it could be used were controlled as to the pressure 
of the supply and the design of the apparatus. 

The new Special Rules prohibit the use of electricity in certain 
places, and, as the use of electricity is defined as “ the conversion 
of electricity into mechanical energy, heat, or light for the 
purpose of providing mechanical energy, heat, or light,” it 
follows that the transmission of electricity is not thereby 
prohibited, which is important. 

There is, however, a sub-section, (2), to clause 60 of the 1911 
Act, which provides that “ if at any time in any place in the 
mine the percentage of infiammable gas in the general body 
of the air in that place is found to exceed one and a quarter 
the electric current shall at once be cut off from all cables and 
other electrical apparatus in that place, and shall not be 
switched on again as long as the percentage of inflammable 
gas exceeds that amount.” 

There was much discussion over this sub-section, which was 
not in the original Bill as introduced in Parliament, but was 
put in by the Committee when considering clauses. The 
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figure of i per cent , however, then appeared instead of the 1 J 
per cent as the danger point 

While the Bill was before Parliament a new and beautiful 
form of gas detector was exploited and much advertised on 
the strength of laboratory tests as the thing of the moment 
in that it provided easy and safe means for determinmg such 
low percentages of marsh gas as had previously been in practice 
impossible of detection — ^in fact it was claimed that it promised 
to give certainty where before there had only been conjecturoj 
On the strength of these tests it was claimed that 1 per cent, 
of gas might be fairly adopted as the danger point. With a 
view of giving a little margin Parliament accepted 1^ per cent., 
which figure was accordingly passed and now stands in the 
new Act. 

No sooner was the Act passed than trials with the apparatus 
were made under ground which proved that while the new test 
was quite good for coal gas, it was useless, as when tried in the 
mine it gave absolutely no mdication of fire-damp ! Wo now 
have another instance of the inadvisability of legislating on 
scientific matters by Acts of Parliament I 

Persons Employed. — The total number of persons employed 
in mines m the United Kingdom, according to the returns for 
the year 1910, is 1,078,000, of which 1,033,000 are employed 
in coal mines, and of these 6,176 are females. There are 
further 86,000 persons employed in quarries. 

It is interesting to note that of the 1,078,000 employed in 
mines, 80 per cent, are employed underground and 20 per cent, 
employed on surface. All the females above mentioned are 
employed on surface, as sections 45 and 46 of the 1887 Act 
prohibit the employment of women underground in any mine. 

Fatal Accidents. — ^There is a very instructive appendix 
attached to the Report of the Departmental Committee, 
December, 1910, in which is set out a list of fatal accidents 
resulting from the use of electricity in coal mmes between the 
1st January, 1905, and the 30th June, 1910. During that 
period there were 68 separate accidents resulting in 77 deaths. 

Details of the 68 accidents are set out in the Report, but 
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they are not classified. It is somewhat difficult to make a 
satisfactory classification, as several of the accidents might 
be included under one or more different headmgs, so that 
any classification may be arbitrary. The classification, 
however, set out in Table Al may be useful Eleven of the 
accidents occurred in connection with coal-cutting machinery 
or coal-face conveyors and ten in connection with lighting 
circuits. 


Table Al. 

Pure accidents 
Mischievous interference . . 

Faulty hand-lamps 
Fires in motor-houses 
Faulty erection 

Faulty “ fiame-proof ” apparatus 
Difficult to classify 
Faulty earthing of armoured cables 
Exposed live parts 
Faulty earthing of apparatus 
Ignorance of value, or disregard of use of 
precautions provided, i e., due to no fault of 
the system or apparatus 
Mechanical damage of unarmoured cables 


1 

1 

2 

2 

2 

3 

3 

6 

8 

9 


15 

16 


Total 68 


A short summary is also given of the fatal accidents from the 
1st January, 1905, to the 15th December, 1910, which brought 
the number of deaths up to 83. The summary is reproduced in 
Table A2. 

The annual increase in the number of deaths from shock is 
no indication of deterioration in the design or unskilful user 
of the apparatus, but is no doubt due to the greater increase in 
the use of electricity and the larger number of men who are 
thereby exposed to danger. 

An analysis of the 68 accidents shows that the pressure 
of the circuits upon which they occurred was as under : — 
On low pressure circuits, i.e., not exceeding 250 
yplts T- •• •• •• 
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On medium pressure circuits, i.e., normally 
above 250, but not exceeding 650 volts . . 52 

On bi g b pressure circuits, i.e., normally above 650, 
but not exceeding 3,000 volts . . . . . . 9 

On extra high pressure, i.e., normally exceeding 
3,000 volts . . . . • . . . . . 1 

Of these one low pressure and two medium pressure accidents 
were due to fires ; the remainder were shocks. 

TABLE A2. 

Summary of Fatal Accioents resulting from the Use of 
Electricity in Mines from 1st January, 1905. to 15tii 
December 1910. 



1005 

loot) 

1907 

190S 

1000 

! 

1010 

Total 

Numlier of deaths due to ignitions 
of fire-damp 


1 



9 


10 

Number of deaths due to under- 
ground fires 

_ 




1 

1 

2 

Number of deaths due to electric 
shook 

7 

6 

10 

16 

13 

20 

71 

Total 







83 


Two fatal accidents occurred on 120 and 150 continuous 
current volt circuits respectively, and were both due to faulty 
hand-lamps. This shows how necessary it is to use the greatest 
care even with low pressure apparatus, especially when contact 
with the person may be very good, as naturally occurs in the 
case of a hand-lamp. 

The death rate from accidents in and about coal and metalli- 
ferous mines on the average of the ten years 1901 — 1910 has 
been 1'605 pear thousand persons employed underground, and 
•768 for surface workers, or a general death rate of all persons 
employed, both on surface and underground, of 1'356 per 
thousand persons employed. 

The death rate for 1910 was heavier than the average, due 
to the explosions at Whitehaven and Hulton, where respectively 
136 and 344 = 480 lives were lost, and was due to the causes 
shown in the foUowing Table A3, which is based on returns 
compiled by H.M. Chief Lispeetor of Mines. 
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TABLE A3. 

Causes of Fatal Accidents in and about Metalliferous 

Mines in 1910, 



Uaderground 

Surface 

per cent 
of total 

Explosions . . 

501 


27-6 

Falls of ground 

658 


36-2 

Shaft accidents 

96 


5-3 

Use of explosives . . 

28 


1-5 

Haulages 

286 


15-7 

Electricity 

16 

5 

1 15 

Machinery . . 

19 

31 

2 75 

Railway sidings and Tramways 

72 

4-0 

Other causes 

55 

51 

5 8 


1,659 

159 



Y 

1,818 


100 0 


On looking back to 1851 it appears the death rate was 
19 per million tons of coal raised, while in 1910 it was 6 54. 
The death rate per thousand persons employed for five years 
ending 1865 was 4' 301 ; for five years ending 1910, 1 416 — an 
improvement of 3 to 1 in each case. 

Consideration of the list of the particulars of the individual 
electrical accidents shows that from an engineering point of 
view only two can properly be considered accidental deaths ; 
the others were all avoidable and were the result either of bad 
work, ignorance, or carelessness and neglect of the usual 
precautions. This is particularly regrettable, not only on 
account of the loss of life and the consequent grief caused to 
the relatives of the victims, but because it has enabled some 
persons to emphasise their opposition to the use of electricity 
in mines. 

When one considers the quarter from which the keenest 
opposition has come, and the fact that opposition to the use of 
female labour on the surface came from the same quarter, 
although the women who are concerned were strongly against 
their employment being interfered with, one is comjielled to 
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feel that the opposition did not arise out of a real dislike to 
electricity any more than the opponents objected to women 
on their merits, hut they looked on both as labour-saving 
appliances, and thought that if they could restrict the user of 
electricity and women there would be more work for the men • 
Fortunately for the women they got more sympathy in 
Parliament than electricity did. 

Some direct light is thrown on the opposition by the state- 
ment made in his quarterly report. Decomber, 1911, by the 
agent of one of the men’s associations in the North. After 
condemning the utilisation of electricity in mines, the agent is 
reported to have stated, “ it was not only serious because of 
the danger, but because men of experience in steam haulage 
were dismissed to make room for boys to do the same work by 
electricity ! ” Reliable men, as a rule, are not dismissed, but 
man’s work is found for them elsewhere, and it is regrettable 
that such a good testimonial for electricity should be handled 
in such a short-sighted manner. 


Coal Production. — The output of coal in thousands of tons 
from the five principal coal producing countries of the world is 
shown in Table A4 from the Board of Trade Coal returns. 
(284-1911). 


TABLE A4. 


Years 

United. 

Kingdom 

Germany 

Franco 

13i Igiuni 

United States 

1907 

1908 

1909 

1910 

Thousands of 
Tons 

267,831 

261,529 

263,774 

264,433 

Thousands of 
Tons 

140, §85 
145,298 
146,397 
150,372* 

Thousands of 
Tons 

35,411 

36,044 

36,519 

37,254* 

Thousands of 
Tons 

23,324 

23,179 

23,140 

23,532 

Tlious.indb of 
Tons 

428,896 

371,288 

411,432 

447,837* 


•Provisional Figures. 


The total known production of the world exclusive of brown 
coal or lignite in 1910 was about 1,036,000,000 tons, of which it 
will be noted the United Kingdom produced more than one 
quarter. 

The tons of coal produced per person, including surface 
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hands, employed in coal mining in the United Eangdom for the 
six years 1905 — 1910 respectively was 282, 292, 292, 271, 266 
and 267, the average for the first five years being 280‘6 tons, 
as compared with 266 tons in 1909 and 257 in 1910. 

The corresponding figures for the year 1909 m a few other 
countries where wages are high are — Canada, 400 ; Australia, 
388 ; New Zealand, 456 ; and the United States, 538 tons. 

In a few countries where the wages are low the figures are — 
India, 99 ; Cape of Good Hope, 57 ; Sweden, 123 ; Japan, 
97 tons. 

Without going into the vexed question of the statutory 
limitation of working hours and its effect on the output in the 
United Kingdom for 1910, these figures clearly indicate that 
when labour is expensive a better return per person employed 
is obtained It cannot be suggested that the British miner 
does so much less individually than a Canadian, Australian, &c, 
although admittedly he does more than an Indian or a Kaffir 
boy. The only reasonable explanation is that where labour is 
dear more machines are employed to assist the miner and to 
increase his usefulness, and where labour is cheap fewer 
machines are used. The consideration of the figures gives 
room for serious thought, and hope to the mechanical engineer. 

The machmery must be scattered, hence electricity as the 
cheapest and most convenient agent for driving it must be 
employed where it can safely be introduced. In danger zones, 
where it is not safe to take electricity on account of the risks 
incurred through gas or dust, compressed air will be used. In 
most cases the more economical transmission of electricity will 
often decide the use of that agent for so much of the trans- 
mission as is possible, and the electrically-driven air-compressor 
will be located as near the work to be done as may be con- 
veniently practicable. 

These figures and facts are set out to show the immense field 
open and to emphasise the four cardinal points mentioned 
quoted above from the 1904 Report. Everyone who has the 
interest either of the mining or electrical industry at heart must 
see that it is more than ever essential that the greatest possible 
care should be taken to ensure the best plant being employed, 
the best men employed to look after it, the education of those 
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(h) Rei^ioving the mineral from its natural position, either 
by excavatmg it or, in cases where it is too hard to 
excavate, by drilling holes into it in which explosives can 
be inserted, by which it may be blasted out or loosened to 
facilitate removal. 

(c) Loading the mineral into skips, tubs, trams or wagons, 
and transporting it along the roadways to the surface, 
or to the shaft bottom, by haulage, and, in some cases, 
raising it up the shaft to the surface by winding. 

{d) Cleaning and preparing the mineral on the surface for 
market. 

(e) Incidental to these direct operations are lightmg, pumping, 
ventilating, the preparation of timber and other materials 
used in the mine, and the transport of such materials 
to the places in the mine where they are required to be 
used ; the transport of men into and out of the mine, 
and the transport of rock and other waste material from 
the mine to the spoil bank or tips. 

Chief Risks. — In applying electricity to these operations 
there are two chief risks which must be guarded against and 
eliminated as far as possible — 

(1) Shock to persons employed ; 

(2) Eire by arcing or over-heating, which may cause the 
combustion of any explosive gases or mflammable 
material in the mine. 

Field for Electricity. — ^The facility with which electricity can 
be transmitted and used and the very small stand-by losses are 
the outstanding features which recommend its adoption. 

In steam plants scattered boilers are the only alternative 
for long steam pipes. In the one case the labour, and in the 
other the condensation and leakage, is excessive. 

The number of boilers scattered about mines, and the cost 
of operating them, ofEers a strong inducement for the change 
to electric driving, but to get a good load-factor on the genera- 
ting plant supplying current for such machines it is generally 
necessary to electrify some machinery which runs long hours ; 
ventilating fans or pumps answer this purpose admirably. 
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There may be no direct gam in driving machines which 
operate long hours by electricity as compared with driving 
them by steam, but the long-hour user of such machines enables 
electricity to be generated or bought for the combined load 
of such machines and for machines operating short hours at a 
lesser cost than that at which power could be supplied for the 
two classes of machinery if dealt with separately. In other 
words, the combined user gives a good load-factor on the 
generating plant. 

The earliest application of electricity in mining was for 
lighting, the next, about 1882, was for pumping. Both were 
by contmuous current, for the simple reason that no alternating 
current motors were at that time on the market. 

During the last five years progress in the electrification of 
mines has been chiefly along the lines of alternating current 
development. 

C.C. versus A.C. — Continuous current motors are the more 
economical on circuits where speed regulation is required ; 
they have a higher torque and are much more flexible as regards 
speed than alternating current motors, whose speed is deter- 
mined by the frequency of the supply and the number of poles 
in the machine. 

The advantage of alternating current in transmission, on 
accoimt of the high pressures which can be so easily obtained, 
the absence of commutators and parts where open sparking is 
likely to occur, and the more robust character and greater 
reliability of alternating current machines in places where 
moisture, dust, or gas obtain, are discounted by several 
inconveniences and disadvantages. 

A point which is not generally appreciated is that, on 
account of the low power-factor which obtains on mining plants, 
the amount of copper in the feeder-cables and distributing net- 
work will be greater in a three-phase system than in a con- 
tinuous current system, with equal voltage on both systems. 

Although the three-phase motor, for the reasons mentioned 
above, is generally suitable underground, there is no reason, 
other than capital cost, why the various classes of machinery 
on the surface should not be driven by continuous current. 
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It may be urged that such a mixed system only introduces 
complications, but in some cases the advantages accruing 
would outweigh the disadvantages. Such machines as ventila- 
ting fans, air compressors, stone crushers, conveyors, screens, 
saw and mortar mill motors, locomotives, &c., can be driven 
better by continuous current motors because there is no limita- 
tion owing to a predetermined motor speed, and if speed 
regulation is required it can be arranged in an efficient and 
simple manner. In some cases continuous current is an 
advantage for lighting 

The adoption of such a mixed system of course would involve 
a converter sub-station at each pit, or group of pits, whereas 
in the case of a purely alternating current supply a static 
sub-station only would be required if the current is generated 
or brought at a high voltage, or a switch-house only if the supply 
voltage is suitable for distribution. 

A converter sub-station would, however, afPord a ready means 
of raising the power-factor, and so increasing the value of the 
transmission Ime, and in this way might prove a very important 
asset. 

It must be admitted that more attendance will be necessary 
in respect of the commutators on the contmuous current 
plant, as, no matter how good the motors are, the commutators 
certainly require cleanmg from time to time and need more 
attention than the slip rings on an alternating current 
motor. 

In cases where no speed regulation is necessary, and the 
motor can be started on light load, a plain alternating current 
squirrel-cage motor is the most robust type that can be adopted, 
but its startmg current and power-factor at low loads leave a 
great deal to be desired. 

Due to the conditions underground, where rough work and 
makeshift arrangements, owing to emergencies, are from 
necessity so common, the safety and security of the system 
is not merely a question of a commutator more or less, as these 
are always, or should be, operating under the control of a 
competent attendant, but there is always present the risk of 
broken switch-boxes and damaged cables to guard against and 
to minimise. 
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Shocks. — The Home Office, in framing their Minos and 
Pactory Rules, follow the Board of Trade and do not differen- 
tiate between alternating current and continuous current' as 
regards precautions against shock. 

The author’s experience at equal voltages is that an alter- 
nating current shock and a continuous current arc are the more 
severe. 

About five years ago, in connection with a Home Office 
inquiry as to the safe use of electricity in factories and work- 
shops, the author assisted at some experiments made to deter- 
mine the amount of current that could be carried by a person 
without severe discomfort, and then found that he could not 
grip hard with his hands two copper rods at a potential differ- 
ence of 66 volts alternating and leave go as he felt a distinct 
contracting of the muscles The effect of 130 volts continuous 
current was practically the same, although the sensation was 
different ; with continuous current the bars felt colder. The 
experiments were made to see how much current could be 
taken without discomfort. Two other persons began to curl 
up when 7 m -amps, passed, but the author could take 
10 m.-amps. without any discomfort whatever. On repeating 
the experiment with continuous current, 25 m.-amps. was the 
limit that his two friends could stand ; it seemed to curl 
them up more than 7 m.-amps. alternating. The author 
took 27 m.-amps. without the slightest sign of curling 
up, and could hold on to the contacts for an indefinite 
time. 

The amount of current taken without discomfort depends 
considerably upon whether the experiment begins at a low 
value and the current is gradually raised, or whether the full 
value is put upon the experimenter suddenly. 

In another set of experiments for which he arranged later, 
with four other men, both the pressure and current were 
observed simultaneously, the contacts, which were all bare 
copper, being held in the two hands as before mentioned. The 
results, which he contributed to the Inst. Min. Eng., Vol. 
XXXVII., p. 486, are shown plotted in Eig. Ai. The 
lowest point of each curve marks the beginning of a sensation ; 
the se^jond indicates the current which was felt as disagreeable ; 
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A.B.P, 


O 




18 


APPLICATION OP ELECTRIC POWER 


the third and highest being the hmiting current which could be 
borne for some time. 

The results appear to indicate that from 68 to 100 volts 
continuous and from 16 to 30 volts alternating current was 
as much as either of the four persons experimented upon could 
stand. 

The effect on a person varies considerably ; if a man is 
workmg in a damp atmosphere or is perspiring his body 
will make a much better contact than if his skin is dry. It was 
noted m aU the experiments referred to that the mere fact 
of experimenting promoted perspiration, and all the seven 
experimenters appeared to get more sensitive in the course 
of the experiments. 

These tests show that even ordinary house voltages may be 
dangerous if a person gets an unexpected shock from them, 
and proper distmction should be made between accidental 
contact and a firm contact. It is highly important to avoid 
a scare or to give people the idea that electricity is always dan- 
gerous, as when properly installed and handled it is probably 
the safest method of conveying energy. 

An official report of the New South Wales Government 
states • — 

“ Shocks from live wires mtentionally left exposed occur 
most frequently in connection with low-pressure systems 
in consequence of the exaggerated ideas of the harmless 
nature of the shocks produced by them.” 

This is a perfectly true statement, and applies equally in this 
country. On the Continent it is the custom to label high- 
tension work with a plate bearing a lightning stroke or a skull 
and cross-bones in high rehef, and everyone keeps clear of 
them, but low tension is handled with a familiarity which 
breeds contempt I 

Generation of Electricity. — ^Electricity for mines is generated 
in various ways : — 

(1) In the case of a colliery or mine having steam winding 
engines the exhaust steam from them, equalised by a heat 
accumulator plant, may be utihsed on turbo-generating sets. 
It is not at all uncommon to find cases where all the remaining 
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machinery, both on the surface and underground, is driven by 
the energy thus recovered from the exhaust steam of winders, 
air-compressors, and possibly fan engines. 

(2) In a colliery having coke oven plant the gases, which 
in the past were allowed to escape, are now subjected to a clean- 
ing process and used to drive gas engine generating sets. Or, 
as an alternative, the gases can be burned under a boiler for 
raising steam which drives either turbo-generators or recipro- 
cating engine sets. In either case the energy recovered in this 
way can be used for generating electricity, which can be distri- 
buted for driving the various scattered plant on the surface 
and underground 

(3) In a metalliferous mine possessing its own blast furnaces, 
the gas which in the past was allowed to vitiate the surrounding 
atmosphere is now utilised in a similar way to the coke oven 
gas mentioned above. 

(4) The case most frequently met, at least in colliery districts, 
is where the steam is raised from small coal or coal of little 
marketable value in a private generating station to supply 
the mine or group of mines. 

The development of gas producers w'lth mechanical grates 
which can handle low grade fuel is already beginning to attract 
attention, as by their use smudge and refuse coal can be 
economically gasified which could not be burned under a boiler 
without an undue amount of labour. This arrangement is 
advantageous and economical, as it sets free small coal for the 
market and usefully consumes fuel which is only a danger 
when thrown on to the rubbish tip. 

In a metalliferous mine where fuel has to be bought oil 
engines may be used with advantage, either of the low-pressure 
Hornsby type, m which the oil is ignited by a hot bulb on the 
cylinder end, or of the high-pressure Diesel type, in which the 
oil is injected at a pressure of from 700-800 lbs. per square inch 
and is ignited by the temperature of the compressed air in the 
cylinder. 

Whether power ought to be bought outside or produced 
on the premises must depend upon the local conditions. 
Capital ought to be expended where it will give the best 
return, and if power can be advantageously bought capital 

O 2 
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may thereby be saved on a generating plant and laid out on 
current consuming apparatus and machinery which will give 
a better return on the investment. 

The schedule of plant mstalled and user of electricity 
at the Femdale Collieries may be useful, and is given in 
Table A5. It shows the advantage of concentrating the load 
on a power station instead of generating it at scattered points, 
and also shows the beneficial effect on the load-factor of 
electrifymg fans and long hour-plant. Since the eight-hour 
Act came into operation and only one shift is worked, haulage 
and winding plant is only working regularly 48 hours a week, 
but has to be kept ready to run odd trips at any other time 

Table A5. 

Particulars oe Horse-power Connected excluding 

Stand-by Plant, and op Annual User at Ferndale. 



h.p. 

per cent 

1 Haulages 

. . 3,300 

= 46 60 

2. Fans 

.. 1,360 

= 19-20 

3. Surface plant 

810 

= 11-40 

4. Winder (on flywheel set) 

700 

= 9 88 

5. Pumps . . 

590 

= 8-34 

6. Surface hghting. . 

7. Pit bottom lighting 

261 1 
64 j 

= 4-68 


7J[)85 

= 100 00 

User, per annum . . 

10,600,000 B.T.U. 

Maximum demand (by switch- 




board instruments) .. 2,920 k, w, = 3,920 h.p. 

Maximum demand in percentage 

of power connected . . . . 55' 3 per cent. 

Load-factor . . . . . . 41 ‘5 per cent. 

Power Companies. — ^Power companies in England have not 
yet found a very ready market in the mining world. From 
figures lately quoted by the engineer the Lancashire Electric 
Power Company is at present supplying about 3,000 h.p., 
which will be shortly increased to about 4,000 h.p. The 
present annual consumption of the 3,000 h.p, is at the rate of 
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four milHon units per annum. This contrasts with the Femdale 
private power station in South Wales, which supplies a group 
of eight pits. 

There is a power company in South Wales which has 
12,500 h.p. connected. The Newcastle district has three power 
companies which are suppl 3 nng energy at the rate of over 
66 million units per annum for colhery purposes. In the Clyde 
Valley district about 8,600 h.p is either connected or contracted 
for, and in Yorkshire there is a power company whose con- 
nections at present are about 4,000 h.p. with a 50 per cent, 
increase promised. 

The use of electricity in the Westphalian Collieries is enor- 
mous and increasing rapidly. The nucleus of the public supply 
system was the station in Essen, which was started under 
private auspices, but is now the property of a companj^. Other 
works are now linked up to Essen, and there is a complete 
network for supply extending about 80 kilometres in one 
direction and 100 kilometres in the other direction. Ten 
stations belongmg to the company and twelve stations belonging 
to private owners are linked up and supply into the same 
network. The supply is given to the different industries in 
the district. Figures as to the supply to mines have been 
published by Dr. Jungst in “ Gliickauf,” December, 1911, 
giving the output of electric power for the coal mines in the 
Ruhr district : — 

1906 . . . . 68,000,000 k.w. hours. 

1907 . . . . 107,000,000 

1908 .. .. 171,000,000 

1909 . . . . 256,000,000 

1910 .. .. 461,600,000 

Out of the total production in 1910 about 402,000,000 k.w. 
homs were used for the collieries. The iron and steel works, 
some of which are run in connection with the collieries, are also 
large consumers and producers. The production is chiefly 
obtained from blast furnace gases and coke ovens, the surplus 
energy being supplied into the public mains with give-and-take 
contracts between the public supply company and the private 
owners. 
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Choice of Frequency. Eor mining work 50 cycles is preferable 

to 25 cycleS;, as it gives more latitude in tbe clioico of speed.. 
While 25 cycles gives a choice of sixteen speeds between 1,500 
and 94 r p.m., 50 cycles gives the same choice over a range from 
3,000 to 187*5. This high speed is more valuable than the 
very low one. 

High lift centrifugal pumps call for very high speeds, such as 
3,000 r p m , consequently, as high speed and efficiency are 
inseparable for this type of machine, their use is frequently 
debarred on a 25-cycle system unless recourse be had to belt or 
rope drive. 



CHAPTER II 


TABLES 

Lighting. — Lighting on the surface may be arranged on the 
same lines as are generally followed. 

For underground lighting separate insulated wires attached 
to insulators are preferable to wires drawni into iron tubing, as, 
owing to the frequent movement of the ground, which bends 
the tubing, and condensation in the tubing, it is very difficult 
to maintain a satisfactory insulation test. Where necessary 
to protect them from mechanical injury they can be armoured 
or efficiently guarded without drawing them into metallic 
tubing. 

Classes of Cables . — Mining cables have to be designed to 
meet the special conditions which arise in connection with their 
use • — 

(1) On the surface ; 

(2) In the shaft ; 

(3) Along the roadways or in-bj'e ; 

(4) For flexible connections to portable machines, such as 
coal-cutters and drills. 

The cables available are insulated with : — 

(а) Paper, lead covered ; 

(б) Paper, leadless ; 

(c) Bitumen, diahte, or diatrine, which are all three bitumin- 
ous compounds of a more or less secret nature. 

{d) Indiarubber. 

Any or all of these four classes may be protected by an 
armouring of steel ribbon or wire in single or double layers, 
or lock-coil wire. 

Bare conductors underground except the outer conductor of 
a concentric system are prohibited by Special Rule 12 (a) in 
this country, although, by special consent obtained from the 



24 APPLICATION OP ELECTRIC POWER 

Secretary of State, locomotives on the trolley system may be 
used under Special Rule 19 (b) an mines other than coal 
mines. 

Due to the greater danger of getting water into the core of a 
cable by capillary attraction in mining work, systems of solid 
fidmg have been brought out to prevent this defect. A slight 
fault in the insulation of a cable which admits water to the 
core may, without the solid filling, lead to the deterioration of 
a long length of cable, so that the improvement, although it 
appears to be a small detail, is an important one. 

{a) Paper, Lead Covered . — ^The high reputation of paper 
lead-covered cable as used in other industries has led to its 
being used in mines without proper consideration as to whether 
the usual lead covering is suitable or not. 

The use of lead covering has not been altogether successful, 
although in many eases it has given the greatest satisfaction. 
Pit water is frequently very corrosive, and its effect on the lead 
covering is accentuated by any leakage currents. 

(6) Paper, Leadless . — This risk of corrosion is now overcome 
by the paper “ leadless ” cables which are offered by several 
makers, in which the lead covering is replaced by a covering of 
bitumen. A cable of this description possesses most of the 
advantages of a paper lead-covered cable, but it does not get 
over the necessity of employing a high class workman to make 
proper joints on a paper insulated conductor. The bitumen 
covering is also more flexible than lead covering, but the quality 
of the bitumen used is very important, as it must be tough 
without being brittle. 

(c) Bitumen Cables . — These have perhaps been used more 
extensively than any other type. The best are insulated 
throughout with bitumen, and in the case of multi-core cables 
are packed with bitumen and not wdth yarn or any other 
hygroscopic material. Where armour is necessary the bitumen 
is protected by a layer of impregnated yam, which prevents 
the edges of the armour cutting into the insulation, the armour 
in its turn being protected from rust by a further serving of 
impregnated yam. 

Where bitumen cables require dressing a paint of bitumen or 
Stockholm tar may be used. 
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The jointing of bitumen cables is skilled work and needs 
care, but it is not such highly skilled work as the jointmg of 
paper cables. 

Bitumen may be safely employed for pressures up to 3,000 
or 6,000 volts ; for high pressures paper is generally employed 
on the score of space occupied and convenience. 

The danger of decentralisation, which has occurred with 
some bitumen insulated cables, may be practically overcome 
if the core is covered with a thin layer of jute, or paper, before 
the bitumen is put on. 

It is not, however, safe to use a bitumen covered cable in 
all cases, as alkaline waters are apt to attack it, particularly if 
they are warm. The worst effect of the alkaline or acid pit 
waters is not so much that they act chemically upon the 
coverings of the cable, but that slight leakage is always apt to 
occur, and this leakage is considerably aggravated by the 
electrolytic quality of the water. 

As regards the relative advantages of paper insulation and 
bitumen, the author has been responsible for many miles of 
each working in shafts and underground for several years 
past ; the performance of each has been excellent with an 
entire freedom from trouble, so that he is not prepared to say 
there is a best. Each is excellent when properly handled. 
Where highly skilled labour is not available bitumen is the safer 
to use ; for high-tension work skilled labour is essential from 
other considerations than cable jointing, so that the require- 
ment of skilled labour is naturally, or ought to be, met, other- 
wise the use of high tension is courting disaster and may do an 
injustice to the mining industry. 

{d) Indiaruhher has been largely employed as an insulator 
for small wires, but its expense has limited its adoption 
for cables since the exploitation of bitumen and kindred 
substances. It is still used for connections when its greater 
flexibility is important. 

Protection. — ^The new Special Rules proposed in 1911 pro- 
vided (Rule 12e) that either concentric cables shall be used or 
-two-core or multi-core cables protected by a metallic covering 
(i.) where the pressure exceeds 260 volts ; 
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(li.) the roadway conveying the cables is used for mechanical 
haulage ; and 

(hi.) there may be risk of igniting gas, coal dust, or other 
inflammable material. 

Armouring. — ^This Rule practically meant the general employ- 
ment of armoured cable or protective metal barrel, barred the 
use of single cables, and raised one of the most debated points 
in the transmission or use of electricity underground. 

Many managers of mines claim long years of satisfactory 
service for unarmoured systems of continuous current supply 
and stoutly resist any attempt to change’ them, the reason being 
chiefly the cost of the work, which they do not feel is justified. 
For new work the difference between armoured cable and 
unarmoured, by the time it is laid, is small, but the cost of 
tearmg out an existing satisfactory system appeals to nobody 
who has to provide the money ! 

To meet the objections raised the Special Rules were revised, 
and, as proposed in February, 1912, the Rules applying to 
concentric two-core and multi-core cables stand, and the same 
rule (12c) now admits single-core cables protected by a metallic 
covering which contams all the conductors of the circuit for 
use under any of the three conditions referred to. An excep- 
tion has also been made in favour of continuous current as 
follows : — 

“ Provided that if the medium pressure direct current system 
is used, (i.)two smgle-core cables protected by metallic coverings 
may be used for any circuit if the said metallic coverings are 
bonded together by earth conductors so placed that the 
distance between any two consecutive bonds is not greater 
than 100 ft. measured along either cable, and (ii.) two single- 
core cables covered with insulating material efficiently 
protected otherwise than by a metallic covering may be used 
in gate roads (except in gate roads which are also used for 
mechanical haulage, or where there may be risk of igniting 
gas, coal dust, or other inflammable material) for the purpose 
of supplying portable apparatus.” 

While most people will admit that an armoured system 
properly laid and maintained is the safest of all systems quS, 
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shock, those with practical experience of underground working 
must admit — 

(1) That shocks have occurred from armoured systems 
badly done or allowed to get into a bad state of repair ; 

(2) That a higher standard of labour is required for the 
laying and maintenance of them ; and 

(3) The risk of interruption on an armoured system is 
greater than on an unarmoured system, owing to the 
absence of the protective devices operating automatic 
switches on the latter. 

On the first point the badly executed work is often the key 
to the situation, and the whole claim may be classed as a 
concession to bad work. 

That there is plenty of bad work seems evident from the 
Report of H.M Chief Inspector for 1910, above referred to, 
where in Table 44 he gives particulars of accidents and an 
analysis of the systems on which they occurred as follows : — - 

Fatal shocks from armoured cables . . . . 1 

,, ,, ,, unarmoured cables . . . . 5 

,, ,, ,, concentric cables . . . . 0 

Total.. 6 

The evidence is greatly strengthened if the record of the last 
five years be taken into account which he gives in Table 45. 

Fatal shocks from armoured cables (1906-10) . . 3 

,, ,, ,, unarmoured cables (1905-10) 20 

„ ,, ,, concentric cables (1905-10) .. 2 

Total. . 25 

On the second point the higher standard of labour means 
better training and better pay, but not necessarily increased cost 
as low-priced labour is not always the cheapest. 

On the third point leakage indicators are available which 
will show a leak before the current is large enough to work the 
protective devices. 

Where a protective system is to be adopted the armouring of 
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the cable is a practical necessity, and certainly nothing would 
appear to give greater safety than a thoroughly well-made and 
well-maintained armoured system, but it must be admitted 
that higher skill is called for both in the laying and the subse- 
quent supervision of armoured cable than for unarmoured. 

It is more difficult to localise a leak on an armoured cable 
than on an unarmoured cable, as the leak on the armoured 
cable will show all over the system, so that disconnection and 
local testing is necessary. 

The leak on an unarmoured cable is purely local ; a damaged 
place which did not cause an actual leak might remain 
undetected until some person got a shock by contact with 
it. 

An armoured system without protective devices has the 
elements of danger in the event of the earth connection being 
broken, as, given that the armouring is completely bonded, a 
leak on to the armour makes the whole of the armour alive, so 
that a shock might be obtained anywhere. It is therefore 
better to “ earth” the armour at all possible places, although 
one spot should be looked upon as the main earth. 

Armoured cables are certainly less liable to damage if 
properly installed than unarmoured cables, but the efficient and 
safe working of the system depends on their earth connection 
and bonding being kept in a proper state of repair. The 
armour itself is of valuable assistance as a means of earthing 
switch-boxes, motor-frames, &o., which must be done, and in 
the absence of armour a special cable or core has to be provided 
for the earth circuit. In the author’s opinion a substantial 
armouring is preferable, and the cost of maintenance of a 
properly laid out and executed system is negligible. 

Concentric cables, with the outer conductor used as the 
return and earthed, are in themselves good, but they have 
suffered from users who have been careless in extending the 
system by single cables and so have broken the concentric 
arrangement and turned what was an important element of 
safety into a danger. 

Cable Laying. — In laying cables above ground for mines the 
usual methods are adopted, but^two points require special 
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attention. Owing to the continual movements underground, 
consequent on the removal of the mineral, subsidences on the 
surface are apt to occur ; provision must therefore be made to 
accommodate such movements considerablyinexcess of the usual 
movements due to changes in temperature which occur during 
normal operating conditions. Cables are sometimes “ snaked ” 
or staggered in the trench, when armoured, and laid direct in 
the ground , this method is foimd to be quite effective. Cases 



Fig B1 — ^Tjooping of caMes round jiits 

are on record of cables which have been laid on one side of a 
road and m a few years have moved to the other side. 

In the case of a very bad subsidence area in the Lancashire 
colhery district, Messrs. Glover used Mannesman tubes with 
caulked joints into which wire armoured cables were drawn. 
Bnck-pits were built at intervals on the tubing in which the 
cables were looped round (Kg. Bl) in order to allow plenty of 
play. This method of laying has been quite effective as the 
cables have not given the slightest trouble. 

Messrs. Callender make a flexible joint-box specially designed 
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to prevent trouble from expansion or contraction. Vernier 
has also arranged an expansion joint in which the inner wires 
of the conductor slide in a tubular guide while the outer wires 
are bridged with flexible copper braid. {J our. Inst. Elec. Eng., 
Vol. XLVII., p. 329.) This relieves the strain at the ]oint, 
but does not obviate the necessity for special care between the 
jomts. 

As pit yards are made up so largely of ashes and in coal 
mines of material liable to spontaneous combustion, the nature 
of the soil must be considered. An overhead line may be 
preferable but impossible owing to obstructions, and then the 
best must be done to make the cable trench safe. The author 
has used brick walhng and brick trenches to keep heat off the 
cables, and in some cases clay has been carted to the trenches 
and well punned in round armoured cables to protect them from 
the effects of ashes and organic impurities, with quite satisfac- 
tory results. 

Shaft Cables. — The shaft cable is the most important part of 
the installation, as a fault on a shaft cable is difficult to get at, 
and may interrupt the working of the pit while it is being 
attended to. For this reason, in important pits duplicate 
shaft cables should always be employed. 

It is better to put cables in a down-cast shaft, i e , in the 
shaft by which the air enters the mine, than in the shaft through 
which the air leaves the mine, as the down-cast shaft is cooler 
and less humid than the up-cast shaft. 

In fact, local conditions have to be considered in every case, 
and no fixed rules can be laid down as to what class of cables 
ought to be employed or where they should be fixed. Every 
case must be dealt with on its merits after consultation with the 
management of the mine. 

Cables up to 1,000 ft. or 1,100 ft. in length have been sus- 
pended from the top of a shaft, without any intermediate 
attachments. It is seldom that this method of fixing shaft 
cables need be employed, and it has little to commend it, 
except in shallow pits. 

One of the best types of shaft cable is the lock-cofi, armoured 
cable, as such armour is a better protection than any other 
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type, and is stronger. The peculiar section of the armouring 
makes the repair of such a cable more difficult than when round 
wires are employed. 

If a steel wire armouring is used for shaft cables, it should 
be in double layers laid on in reverse directions for strength, 
and also to prevent the tendency to untwist. This tendency 
IS absent in lock-coil armouring. Such cables may be supported 
in the shaft by cleating. Steel tape armouring should not be 
used for shaft cables. 

Cleats. — Cleats of elm or pitch pine, 2 ft to 3 ft long, bored 
to the diameter of the cable, and then cut with a saw, and the 
sharp edge removed, give a better aU-round grip on a cable than 
the V-shaped cleats which have sometimes been employed. 
The two halves of a cleat are bolted together by ^-in or ^-in. 
bolts, and they are attached at suitable positions in the shaft. 
In some cases they may be secured to the buntons, or cross 
beams, in which case the cables in a winding shaft should be 
at the back of the bunton, and not on the front or cage side. 
Cleats may also be attached to the walls of a brick shaft by 
Lewis bolts or to short lengths of girder let into the brickwork. 
When the shaft is tubbed with iron casing the cleats may be 
bolted thereto. 

Another method of securing the cleats is to suspend them by 
chains so that shght movement is allowed ; this accommodates 
expansion due to temperature changes and takes the vibration 
off the ends of the cleats, where it is sometimes concentrated 
with ill effects on the msulation. It is prudent to provide 
auxiliary anchors to take the strain due to a broken chain. 
The tops of the cleats should be chamfered off to prevent the 
lodgment of falling material, and are better protected with a 
wrought-iron hood, although such extra protection, unless put 
up thoroughly well and strong, is objectionable in that it may 
become dislodged by falling material and so add to the danger 
of persons travelling or working in the shaft. 

Fig. B2 shows the single suspensions for paper armoured 
cables supplied by Messrs. Glover & Co., and fixed by the 
Hulton Colliery Company at their Pretoria pit. In this con- 
nection it is noteworthy that these cables came through the 
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recent disaster unscathed, in spite of the fact that many 
hundred tons of roof collapsed upon them. 



Fig. B2. — Shaft suspension of paper armoured cables. 

Casing. — When unarmoured shaft cables are used they are 
generally boxed in with a creosoted heavy timber grooved 
casing, the grooves being such that the cable can just be 
driven into it a snug fit, and the friction along its whole length 
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Fixing. — ^The shaft cable should, if possible, be arranged 
without joints, as no joints are admissible in the shaft, and 
when any are necessary, if no lodge room is available, pockets 
or arches should be formed in the side of the shaft in which the 
joints can be made (Fig. B3). The joint-boxes must be 
properly anchored, and the cable should be carried below the 
joint-box and then raised slightly into it, so that any water 
running down the cable dnps off the bend instead of flowing 
over and perhaps into the joint-box. 

The method of lowering the cable into the shaft and fixing 
it there must depend on the local conditions. When the cages 
are steadied by rope guides the shafts are less encumbered with 
buntons than where rail guides are employed, as the ropes are 
kept taut by weights suspended to them in the sump, while 
rail guides have to be supported on framework and buntons are 
placed at frequent intervals. 

The position selected for the cable must be as much out of 
the way of cages or falling material as possible. In cases 
where the walls are bad, space necessary for repairs must be 
allowed between the cables and the wall, and in any case the 
cleats should project so as to allow sufficient clearance between 
the wall and the cables to prevent the lodgment of dirt or 
water. 

The temperature of the shaft must be considered in all cases, 
as if a cold cable is cleated up in a warm shaft the subsequent 
expansion of the cable may be very detrimental, so that it 
must be allowed to attain the shaft temperature before it is 
permanently fixed. Half a day to a day is a fair 
allowance. 

The easiest method of fixing is when the cable can be cleated 
on the outer face of the buntons, or on the unobstructed side of 
a shaft. The drum is then slung in or under the cage on 
temporary trunnions with an efficient brake to control the 
amount of slack paid off. The cable is paid off the drum, 
temporary lashings being put on as required to hold the cable 
in place until it is permanently cleated from the top downwards. 
The arrangements must be very carefully made and no 
"chances” taken, as if there is a hitch either in the drum or 
cage it is very difficult to rectify matters with the cage half- 
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way down a shaft. Fig. B4 shows the operation as carried 
out by Messrs. Callender at the Sneyd Collieries. 

A locomotive may be used to lower a cable down a shaft, 
but the method is not very convenient. It must first be run 
out full length so that the loco can be attached to the end of 



Fig. B4 — Loweiing Callender’s shaft cable 


it, and then it must be handed down the shaft over a big pulley, 
to prevent it being bent to a small radius, until the weight of 
the suspended part is sufficient to overcome the friction, 
when the loco merely acts as a brake. In this case the cable 
during fixing supports its own weight. 

Another method adopted is to lash the cable at suitable 

n 2 
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intervals to a steel rope, lowering them together gradually 
down the shaft The cable can be permanently cleated as 
soon as the normal temperature is arrived at or exigencies of 
the shaft work permit ; meantime it takes no harm, if the 
lashings do not slip, to prevent which they must be carefully 
made with cotton or other soft rope 

Sometimes the full drum can be lowered to the bottom of the 
shaft and the cable hoisted up the shaft by a rope made fast 
to its end This again means that the cable must be strong 
enough to carry its own weight and the additional strain which 
may accidentally be put upon it m handling, so the method can 
only be safely adopted with armoured cables, and care must 
be taken that a good swivel hook on the rope, or preferably 
a lock-coil rope, is used for hoisting to prevent twisting of the 
cable. 

There is less risk of the cable running wild when it is being 
hoisted by a proved tackle than when it is being lowered and 
the paying off only controlled by a provisional brake, hence this 
method of handling has much to recommend it. 

In every winding shaft the winding engine is available for 
hoisting or lowering, and in most mines a strong winch, which 
is used during repairs, &c., is also available as an alternative. 

In every case arrangements must be carefully planned and 
earned out, so that the minimum interference with the working 
of the pit occurs not only in fixing, but in the subsequent 
working of the cables 

The less time that a cable, which is not intended to carry 
its own weight, is left suspended by the armour the bettor. The 
danger is in stretching, not in breaking, the armour, as if it 
stretches the cable will be deteriorated, if not destroyed. 

The longest length of shaft cable that the author has handled 
is 200 yards, weighmg about 2 }^ tons 

The longest that he has a record of is a 380-yard length of 
three-core 0‘4 sq. in. 500 volt vulcanised Bitumen, double 
wice armoured cable, supplied by Messrs W. T Henley & Co., 
for the Dechmont Colhery. The overall diameter of the cable 
was m., and the breakmg stram 60 tons The weight of the 
cable and the drum, 9 ft. diameter over flanges, by 5 ft. wide 
on which it was delivered, was tons. This cable was sus- 
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pended in the shaft during erection, and then cleated into its 
permanent position. 

Sinking Drum. — ^When a shaft is being sunk the cable for 
lighting or shot-firing is generally wound on a special drum and 
paid out as req^uired. Fig B5 shows such a drum made by 
Messrs Glover Co. ; the shp-i’ings through which the 
electrical connection to the end of the cable is made will be seen 



I’iCt B5 — Glovei’h Mukmg caLle dium 


on the spindle. The cable sockets for the incoming cables are 
below the slip-rings, and a clamp is provided to secure the cable 
and relieve the sockets from strain 

Shaft-bottom Switches. — It is good practice to put a switch 
at the bottom of the shaft to cut off the current from the 
underground cables In a large mine this switch becomes a 
distributmg centre whence the various cables going into the 
workings radiate. When two shaft cables are used busbars and 
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switches should form, part of the equipment, and be arranged 
as simply and securely against the risk of shock and fire as 
possible. Unit oil switches in cast or wrought iron casings 
are now available for such work. Their cost is very little greater 
than that of open switches, and they are well worth the 
expenditure, even in cases where there is no danger from gas or 
dust. 


In-bye Cables. — The road-ways under ground vary enor- 
mously, not only in size, but in quality. Some road-ways are 
bricked or stone-walled in a fashion that a railway engineer 
would consider high-class work for a tunnel, and they are large 
enough to take a full sized railway coach. In other cases the 
road-ways are hewn out of rock or coal, the roof and sides 
being supported, or not, as may be necessary, by timber or 
steel. The timbers in some cases having to be quite close 
together to prevent the ground running through ■, in other 
cases they may be spaced widely apart. In some mines the 
floor, sides and roof are all good , in others they are constantly 
moving, so that repairs are going on continually. The repairing 
gangs have been apt to consider that the cable, which looks so 
innocent, is quite safe and can be treated like a rope, with 
impunity ; it is often, therefore, thrown anywhere instead ot 
being carefully handled and covered up to prevent injury 

Where a road is used for haulage the moving character of the 
ground often renders the proper maintenance of the lines 
difficult, so that the trains of wagons may often be derailed. 
It IS therefore important that the cable should be so placed that 
there is the least possible risk of injury during such derailment. 
If the derailment takes place on an incline, or if a shackle 
breaks and a journey or train runs wild, the wagons get piled 
up so that the chance of injuring the cables is increased. 

Armouring. — These considerations point to the frequent 
advisability for mechanical reasons of using armoured cable. 

If a cable is laid on the ground, and a heavy stone falls with 
a sharp comer on to the cable, a short circuit may occur, but 
special tests that have been made with negative results, and 
also years of practical working, have shown that the danger is 
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remote The security of the cable generally depends in these 
cases upon its laying on a soft yielding bed, as of course if it 
were la37ing on a hard rock like an anvil, the chance of injuring 
it would be greater. 

Armoured paper insulated cables have freq^uently been 
badly bruised by falls of rock without any fall in their insulation 
resistance occurring. 

Steel ribbon is generally used. For the sake of flexibihty it 
has to be wound on so that it leaves an open space at each 
convolution , to cover these spaces an outer layer is necessary^ 
which is laid on at half-a-pitch difference. If the outer layer 
were laid on in the reverse direction the cable would be too stifE 
for convenient handling. 

If greater flexibility is required steel wire armour is used — ^in 
one layer for small cables, and two layers, laid on in reverse 
direction, for larger sizes or where greater strength is necessary. 

Fixing. — Cables should preferably be taken in-bye along the 
fresh air-ways, as not only is the air more free from gas, but it is 
less humid. At the same time it must be remembered that a 
fire which occurs m the fresh air-ways may fill the workings with 
smoke and suffocate the men, while a fire in a return air could 
only affect part of the workings. Hence the greatest possible 
care should be exercised in all the cable-lajdng and mamtenance 
operations, and, although more freedom is allowed for workmg 
in fresh air-ways than in the returns, advantage must not be 
taken of the greater freedom which might admit carelessness. 

Temperatures under ground are sometimes high, but not 
dangerously so as regards the cable, as where men are working 
the temperature must be kept considerably lower than any 
temperature which is mjurious to dielectrics. More heat risks 
are run in the yards on the surface than under ground so long 
as steam pipes are avoided. 

Cables are not often laid directly in the ground along the 
roads underground owing to the shifting and squeezing that is 
constantly going on. If such a situation is chosen slack must 
be allowed by snaking the cable and special care taken to 
prevent joints bemg drawn apart, as mentioned above in 
connection with surface work. 
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Pipes for air compressors were always laid along the roads, 
and frequently became buried by fallmg material ; when out 
of sight they were out of mind, and leakage was not evident 
except in wet roads where “ geysers ” formed. Such conditions 
are not permissible for cables. 

The ideal site is where the cables are always in sight and, while 
out of the way, can be easily got at for inspection or overhauling. 

Special protective precautions must be taken when the cables 
are run near stables or where horses are likely to stand, as they 
have an awkward knack of biting them. This propensity has 
caused the death of several horses. If the cables cannot be 
put out of reach of the horse they should have extra metallic 
protection. 

When the electrification of the Eerndalepits was in progress, 
to the author’s specification, the management so thoroughly 
appreciated the importance of properly protecting the cables 
that when any new walling was in hand ledges were formed in 
the brickwork, into which the cables could be laid. The 
result has been very satisfactory and the expense justified 
The cable-laying is of the simplest character, and the ledges 
have afforded excellent and secure runs for one, two, or three 
cables, according to requirements. 

If a roadway is large enough to allow a drum mounted to 
revolve on an improvised truck to be run along it, the cable 
may easily be paid off and hfted into its permanent position 
without risk of damage. Every care must be taken that a 
cable is not violently dragged over the ground and round 
comers ; it must be carefully handled by an adequate gang ; it 
is better to postpone laying rather than run the risk of damaging 
a cable when working short-handed. When proper care is 
taken to avoid injury during laying, any subsequent faults? 
except in the case of mechanical damage, will most probably 
occur at the jomts and ends. It is often difficult to get joints 
made and ends properly finished in broad daylight ; under- 
ground the difficulty is far greater, so that closer inspection 
and care are necessary. 

Improvised branch and trifurcating boxes are to be avoided ; 
proper fittings, standardised by the leading makers, are obtain- 
able and cheaper than make-shifts. 
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Temporary wiring and connections have an unfortunate 
way of becoming permanent, and are a source of weakness and 
danger that must not be admitted. 

All branch leads and tail ends require special protection to 
prevent chafing or mechanical injury. 

Suspenders. — To prevent a fall of ground putting a stram on 
the cables they must be suspended by readily breakable 
material. Impregnated spun yarn slings have been generally 
used as they are always available. Various types of suspenders 
so designed that if an undue strain comes upon them they 
open and allow the cable to slip out, have been used. 

In Glover’s impregnated woven canvas sling the eye and 
collar are of malleable galvanised steel ; the lower part of the 
eye is wedge-shaped, and automatically grips the ends of the 
sling between itself and the coUar. In the event of strain the 
wire hooks open out and allow the suspenders to fall. 

Leather thongs have been employed, but their use cannot be 
recommended in damp situations owing to the action of 
mildew on the leather. 

Hoop-iron suspenders have also been employed, and are very 
serviceable where free from rust. 

If the cable is suspended in this way the danger of a fall of 
the roof injuring it is remote, as a weU-made armoured cable 
will stand a considerable amount of ill-treatment before the 
armour is driven on to the conductors. 

On a dip or incline ordinary leather or similar suspenders 
are insufficient to take the pull of the cable, which must be 
suitably anchored at intervals. 

An unarmoured cable requires a wider sling than an armoured 
cable as it is softer, and in a warm place a thm sling may 
gradually sink into bitumen or similar insulation. Impreg- 
nated canvas slings, provided with brass eyelets through which 
the suspending yarn or hook can be passed, serve the purpose 
admirably, and are not so easily lost during road repairs as 
small slings. 

Joint-boxes. — Joint-boxes should not be placed directly on 
the groupid but on seatings with an easy run-off each way to 
take the weight of the cable off the joints. 
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Where sweated joints cannot be made screwed joints of 
various types may be employed, but they must be heavy and 
not of a type likely to work loose or pull out. 

Fig. B6 shows Glover’s mechanical connector, in which the 
central cone is spht longitudinally in halves. The cone is pushed 
into the cable between the core and the outer wires of the strand, 
which are then pressed down into the cone by the tightemng 
nut and glands. 

Bonding of armour, lead, or earth wires to and across all 
boxes must receive special attention. 

It is a mistake to bond boxes on the lid only, as when the lid 
IS removed the continuity' of the earth circuit is broken. The 
body of the box and its lid must both be properly bonded The 


Central Nut for Tightening 



Fig B6 — Glovei’^ iiicchaiiical corinoctur tor coiiduetorp 

armour should be bonded across the box independently by a 
short length of cable attached to the armouring or sheathing by 
screwed, and, where possible, sweated clamps. This ensures 
continuity in the event of the box bemg taken off when the 
cable IS ahve, as sometimes happens on low-pressure work. 
High-pressure work must be made dead before boxes are 
worked upon Medium and low-pressure live cables may safely 
be worked upon under ground, as they are on the surface, if 
adequate precautions are taken ; so the continuity of the earth 
connection is necessary for the protection of other persons in the 
mine, not for those who are workmg on the box. Fig. B7 
shows Messrs. W. T. Glover & Co.’s latest type of bonding and 
jointing box. The cables entering this joint are paper-lead- 
covered E.H.T. bitumen sheathed and steel wire armovired. 
Not only is the inner lead sheathing hermetically sealed and 
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Fig B7. — Bonding for continuity by means of cones and collars. 
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made continuous by the use of a patent cast-lead sleeve, but 
the armour is also bonded for continuity and earthed on to the 
box in the manner clearly shown in the figure. That portion 
of the cable partially weakened by the necessary bending back 
of the armour is made good by being enclosed in an additional 
box attached to either end of the main fittmgs, which is, of 
course, filled up sohd wnth compound. 

Earthing should form part of the worked out scheme and not 
be left to the caprice of the jointer. 

In all rules reference is made to earthing, but they do not 
define the exact method by which it should be accomplished , 
each case must be dealt with on its merits Mr. Nelson, 
H.M. Electrical Inspector of Mines (Trans. Inst. Min. 
Eng, Vol XXXVII, p. 481), describes earth plates and 
earthing in a way which is worth repeating — 

” Unless the conditions are altogether abnormal, a copper 
plate of 16 standard wire gauge, about 3 ft by 6 ft. in area, 
buried in a damp place or below permanent moisture level, 
with 2 ft of crushed coke both under and over it, should make 
a sufficient earth for an ordinary colliery installation. Two 
such earth plates are recommended to make sure that one at 
least IS fulfilhng its duty Should the ground be everywhere 
dry, the neighbourhood of an earth-plate must bo frequently 
and freely watered. Copper plates are preferred to cast-iron 
plates because of possible difficulty from corrosion Main 
earth connections should be of copper and have a section of not 
less than 0‘25 sq. in If it is a bar measuring 1 in. by 
^ in., it may be connected to the earth-plate by sweating and 
rivetting an 18 in. length to the copper plate If a wire, it 
should be sweated to a lug of ample dimensions, itself in turn 
provided with a flat base measuring not less than 3 by 6 in. 
to be first carefully cleaned before being securely rivetted and 
soldered to the plate. The use of a pipe-line or of anything 
other than a proper earth-plate is not in general recommended ; 
the best system consists in first sinking good earth-plates, 
and afterwards in taking such precautions as may be found 
necessary in practice to keep them in condition. No earth 
connection of any kind should be less than 7/20 copper wire or 
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equivalent section ; and the wire should never be vaguely- 
wrapped round the object to be earthed, but always provided 
with a proper terminal lug ” 

The Regulations of the Board of Trade as to Electric Power 
on Tramways and Light Railways (April, 1910) are also useful 
on this point. No. 5 (a) provides for two separate earth con- 
nections which shall be placed not less than 20 yards apart. 
And No. 6 (6) provides that these connections “ shall be 
constructed, laid and maintained so as to secure good electrical 
contact with the general mass of earth, and so that if possible 
an electromotive force not exceeding four volts shall suffice 
to produce a current of at least two amperes from one earth 
connection to the other through the earth, and a test shall be 
made once in every month to ascertain whether this require- 
ment is complied with.” 

Water pipes should not be solely depended upon, although 
they form a good and useful auxiliary earth circuit. The 
insertion joints between flanges may be looked upon as 
insulators, but their effect is cancelled by the bolts 

Pipes driven into the ground and connected in parallel are 
sometimes preferred and form an excellent substitute for the 
more common form of earth plate. 

The best size of the earth connection has often been discussed , 
it certainly must be large enough to carry the overload current 
of the machine or cable to which it is attached without risk 
of fusing, and must be strong enough to avoid risk of mechanical 
injury, otherwise it may be, like so many electrical contri- 
vances, good enough electrically, but mechanically bad, and 
so unsuitable for the purpose mtended. 

Sometimes an old haulage rope is used as an earth connection 
where armouring is not available. In such a case special care 
must be taken to clean the ends to ensure good electrical contact. 

The earth circuit and connections should be tested constantly 
and kept in good order. They must be looked upon as fire- 
escapes or engines which may seldom be used, but when they 
are wanted they are wanted badly ! 

Distribution. — Clause li~of Appendix “A” of the Report 
issued by the Electricity in Mines Departmental Committee 
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(1909) reads as follows : — “(a) Properly constructed switch- 
gear for cutting off the supply of current to the mine shall be 
provided at the surface of the mine within 200 yards measured 
by road or path from the pit-shaft or drift containing the 
cables, and during the time any cable is live a person authorised 
to operate the said switch-gear shall be available within easy 
reach thereof ” This is practically one of the 1904 Rules, but 
has been revised during the late discussion, and the 200-yard 
limit is now deleted. The principle, however, still stands ; 
consequently a sub-station is generally erected within 
the specified distance, or if no transforming or rotating 
machinery is necessary the switch -gear may be installed in 
the basement or other available room of one of the existing 
buildings. This sub-station or switch-house is the dis- 
tributmg centre whence all underground and surface machinery 
IS controlled. 

The distribution on the surface for all large motors, such as 
those for winders, fans, or compressors, is generally at high 
pressure, each large machine having its own supply cable and 
switch-box m the sub-station. For the smaller auxiliary 
machinery the pressure is stepped down again to medium 
pressure. These small motors are usually all connected on to 
one distributor. 

As regards the supply for the underground machinery, 
generally two cables, each sufficiently large to cope with the 
maximum load without excessive pressure drop, are installed. 
These cables are usually taken down one of the shafts to a 
switch-house situated near the pit bottom. Any pumps 
situated in the shaft lodges are connected to these cables by 
means of change-over switches, so that they can be worked 
from either of them. From the switch-house at the pit bottom 
aU the haulages and pumps are supphed, each large machine 
having its own switch-box and its own cable. 

Rule No. 16 in the 1904 Code called for a plan showing the 
position of all permanent electrical machinery and cables in 
the mine. 

Rule No. 3 of the new Code calls for a proper plan on the same 
scale as that kept at the mine in fulfilment of the requirements 
of the Coal Mines Regulation Act, 1887, showing the position 
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work being done piecemeal without comprehensive views 
being taken and proper plans being prepared of what were 
likely to be the ultimate requirements of the mine. It is quite 
easy to make mistakes in this way, particularly in cabling, as 
it may be put in much too small for the work. 

In preparing a scheme plans are necessary. Fig. B8 shows 
a diagrammatic lay-out of a power station supplying two pits 
in the vicinity and two other pairs of pits at a distance. The 
energy is generated at 6,600 volts and stepped down for small 
motors at the different pits. 

Fig. B9 shows a plan of two pits and the haulages in the 
vicinity of the shaft bottoms, as also a section of the shafts. 
The cables are .shown thereon, as it is quite convenient and better 
practice to do so. 

If a scheme is laid out complete in this way it is easy to carry 
it out in sections with confidence that the whole wiU be a 
harmonious and economical undertaking. 

Switch-gear. — ^The onerous conditions which obtain in mining 
work call for special switch-gear, and have led to the almost 
universal adoption of ironclad enclosed apparatus and of oil- 
immersed switches. Not only must mining switch-gear be 
designed to withstand very rough usage and for working in 
unfavourable surroundings, but in many cases the swdtch-gear 
will have to be what is incorrectly called “ explosion proof.” 
The term “ explosion proof ” is used for want of a better. 
What is meant by explosion proof switch-gear is switch-gear 
designed in such a way that it is impossible for it to cause an 
explosion of gas in the switch-room, and in the event of gas 
being exploded in its case, it must be able to withstand the 
shock of the explosion without breaking or causing any external 
effect. 

An explosion may be caused by the ignition of fire-damp or 
of carboniferous dust ; it is now agreed that the latter plays a 
most important part in the matter. 

It was soon recognised that the adoption of oil-break switches, 
where the circuit is made and broken in oil, would meet the case 
as far as the switch proper is concerned. Unfortunately, 
sparking may occur at other parts beside the switches, say when 
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a connection works loose through vibration, and so on. To 
overcome this some makers fill any empty spaces with insulating 
compoimd to prevent the accumulation of fire-damp or dust. 
In the ease of boxes which cannot be run in solid with compound 
because they contain moving parts or mechanism, it is now 
the usual practice to make these boxes strong enough to vath- 
stand an explosion. Some makers construct their switch- 
boxes to withstand a pressure of 200 lbs. per square inch, this 
bemg estimated sufficient to cover any explosive effect. It 
should be superfluous to say that fuses are unsuitable for fiery 
mines. 

Speaking generally, the essential features of mining switch- 
gear should be as follows : — 

Great rehabihty and strength , fool-proofness ; simphcity ; 
non-flammable ; accessible ; possible isolation of any circuit 
without interfering with the working of the others ; automatic 
tripping gear. 

The jointing of explosion-proof boxes, &c , by the insertion 
of joints or rubber rings has been found unreliable The only 
safe joint to adopt appeared to be a broad machine-faced joiiit, 
which, when closed by screwing up or otherwise, comes into 
close contact without the aid of any jointing material \Vhen 
horizontal joints of this kind are used in dirty situations the 
inevitable result is the straining of the joint by closing it on 
grit. This has led to the development bj^ the Diamond Coal 
Cutter Co. of a broad-flanged joint packed with a rubber ring 
which is heavily braided, impregnated, and cemented into a 
groove in one flange. The box is also pro\'ided with flame- 
proof ventilators, which offer a lower resistance to the escape 
of gas explosions than the broad joint, even m the event of the 
ring being damaged or removed. These joints have been 
tested thoroughly and found to be flame-proof and fool-proof. 

Eig. BIO shows an ironclad type of switchboard w'hich was 
very largely used at the Femdale Collieries. It is made up of 
independent units, so that single units were used for motors and 
rows of units were assembled and connected by busbars for 
switch-boards, which is advantageous from the point of view 
of interchangeability and stock. 

Where a group of small motors are to be supplied from one 

A.B.P. E 
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centre a safe and cheap form of distributing board is necessary. 
Pig. Bll which shows a Pelten Guilleaume design that has 
proved very useful as meeting such a need. 

Various types of m i n ing boards have been designed incor- 
porating the above features to a greater or less extent. 

Gate-end Boxes. — The junctions between the haulage roads 
and the temporary roads along the working faces are called 
gate-ends. Permanent cables can only be laid in the permanent 
roads and are finished off with gate-end boxes, from which the 



Pig. Bll. — Felten and Guilleanme’s distribution box. 


trading cables are rmi to supply drills or small motors for 
compressors or coal-cutters. 

To facilitate the earthing of such motors a special core is 
often wormed up with, or lashed to, a trailing cable, and special 
fittings are provided to ensure the connections being promptly 
and properly made. 

The Pisher gate-end box is an elaborate development of this 
type. The design is neat and complete, but the advisability 
of using oil switches and delicate mechanism in boxes which 
are frequently moved, and at best can only be in a temporary 
position, is doubtful. 
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The Diamond Co/s fool-proof gate-end switchbox is of a 
simpler and more rugged description ; it consists of a combined 
three-pole switch and cartridge fuse-box, with glands for the 
fixed incoming three-core cable and a specially designed 
adaptor box for the outgoing four-core flexible cable, the 
fourth core being for the purpose of earthing the frame of a 
portable machine. The box is self-locking, explosion-proof 



Fig 3312 — Mavor and Coulsun’& gate-end box. 

and flame-tight. When the switch is on the lid is locked ; 
when the switch is off the lid can be opened, but the switch 
cannot be closed with the lid open. The adapter can only be 
put into position when the lid is open, and when the lid is 
closed the adapter is locked in position. 

Messrs. Mavor and Coulson generally use three independent 
switch, fuse, and plug-boxes made up on a panel in preference 
to a combination box. They also make a neat box in which 

B 2 
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cartridge fuses and a three-pole switch are combined 
(Pig. B12). 



Messrs. Callender’s latest t3^pe of gate-end box is shown in 
Pig. B13. It consists of a three-pole switch and three open 
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fuses arrajiiged in an oil-filled box, the internal dimensions of 
which are kept down to the minimum. The details are clearly 
shown in the figure. 

Trailing Cables on the surface are always a source of anxiety, 
and call for special care both in their design and use ; under- 
ground the conditions of working are even more adverse oving 
to the absence of light, presence of moisture, and opportunities 
for rougher usage. 

The cable may be dragged over rough and sharp stones, or 
even be struck with a tool ; and a cable, to be sufficiently 
protected to exist under such conditions and yet be flexible 
and hght enough to serve its purpose, can only be the result of 
a skilful compromise 

The conductor is naturally of fine wire stranded , pure Para 
rubber, with two coats of vulcanised rubber of greater thickness 
than usual standards, is generally employed The cores are 
often sheathed in bitumen and made up single or into multi- 
core cables as required, and finished with metallic or leather 
plaiting, mattress, twine, or hard cord^ impregnated, where 
necessary, with waterproof compound. Sometimes hose-pipe 
coverings are used, into which the cables are drawn 

The ordinary makes of trailing cables, while lasting a fair 
time under dry conditions, are rapidly upset by the additional 
troubles caused by moisture, both m regard to disintegration 
of protective covering and by the additional conductivity given 
to the fibrous coverings by the moisture and coal dust combined, 
which allow^s the electricity to leak from the terminals. 

The ideal protection for a trailing cable is that it should be 
absolutely waterproof ; it should resist the action of corrosive 
water, it should be exceedingly flexible and not capable of 
being kinked. Lightness is also a great factor in view of the 
lengths that have to be pulled about, and a smooth surface 
prevents abrasion and adds to the convenience of the men at 
the coal face. Further, a small overall diameter saves bulk 
when coiled up on the drum, and above all it should stand very 
rough usage, and after abrasion, say from a fall of coal or other 
heavy weight being dropped on it, it should return to its 
original shape. 
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For dry situations the fibrous protected cables, such as 
those braided -with hard cord, are fairly suitable ; as are also 
leather-sheathed cables, as these resist abrasion to a consider- 
able extent, and when the protection is cut it does not quickly 
put the cable out of use as where wire-wound or other 
armoured protection is used 

Special attention should be drawn to the disadvantages of 
armoured cables for trailing purposes, as if a spiral wire armour 
protection is used a heavy fall flattens out the wires perman- 
ently, so that they are continually bitmg on the insulation and 
in a short time cause an earth 

Metallic braided cables, when damaged, are unsafe, as the 
points of the braiding wires either stick outwards and injure 
men’s hands or stick inwards and mjure the cable. 

Troubles from kinking are also very common, and the worst 
usually occur with armoured cables, as these retain the kink 
more than other types, with greater risk of damage to the 
insulation than in fibre - protected or leather - sheathed 
cables. 

It should be remembered that such trailing cables, when 
damaged, are positively dangerous to hfe, to look at it merely 
from the miners’ point of view ; but, looking at it from the 
colliery managers’ or owners’, there is the additional loss of 
output due to the coal cutting or other machine being stopped 
w'hile the cable is being repaired, or a spare length is sent down 
and fitted up, together wdth the cost of repair, or frequently 
the cost of an entirely new cable. 

In this case, therefore, the price should affect the choice of 
the cable less than any other consideration, and the trailing 
cable that will last the longest under the severe conditions 
existing should always be used, almost irrespective of 
price. 

The list of requirements and disadvantages is lengthy ; they 
are conformed to in part by some classes of cable, and in part 
by other classes, but one type of traihng cable claims, with 
good evidence to support it, to embody the complete list. This 
type is known as Cab Tyre Sheathed Cable and is patented 
by the St. Helens Cable and Rubber Co., Ltd. In this type 
the usual indiarubber insulation on the individual cores is 
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reinforced, with, a coating of cah-tyre rubber, and the cores 
are then wormed up with a packing and a heavy coating 
of cab-tyre rubber, which will resist rough usage, oil and acids 
better than any other substance which has at present been 
tried for the purpose. 



CHAPTER III 


COAL CUTTERS AND UNDERGROUND DETAILS 

Coal Cutters. — The mineral deposits which are mined 
occur in various forms. Metallic minerals occur in veins or 
lodes, non-metallic in seams or beds and masses. If the vein 
or seam is a tliin one so much greater thickness of rock will 
have to be removed as is necessary to give access to the vein. 
In a metal mine where no gases are given off, natural venti- 
lation being generally relied upon, the passages and roadways 
are not made any larger than are necessary to handle and 
transport the mineral. In coal mines where gas is given off 
mechanical ventilation is necessary, and a large amount of 
air has to be passed through the workings to dilute and carry 
oflf the gas and to keep the air pure. In order to pass this air 
without undue friction and waste of power, the road-ways are 
made on a more liberal scale. 

The mining engineers on the Rand are now facing the 
ventilation problem and taking their cue from colliery practice 
In his ‘'James Forrest” Lecture, 1911 (Proc Inst. Civ. Eng. ^ 
Vol. CLXXXVI.), Dr. Hatch stated that the Crown Mines 
group has put in hand a gallery 14 J ft. wide and three miles 
long for a main haulage road, and which is intended to serve 
also as the intake of the fresh air current. 

In working the mineral it is necessary to so arrange matters 
that property on the surface is not destroyed by the settlement 
of the ground owing to the removal of its support. The faces 
or stopes at which the mineral is worked must therefore be as 
restricted as possible ; no more spoil must be brought out of 
the mine than is necessary, and care must be taken in packing 
the voids or goaf left by the removal of the mineral, and 
especially the roof and sides must be adequately supported to 
afford protection for the men working at the faces. 
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To meet these requirements in coal mining two principal 
systems of working are employed, “ pillar and stall ” and “ long 
wall,” with various modifications of them. In pillar and stall, 
supporting pillars are left between the stalls in which the 
hewers work, so that the openings at the coal face are in the 
form of chambers comparatively narrow and necessarily 
irregular. In long wall working a long face of coal is exposed, 
the worked coal being carried along the face to the ''' gate ” 
or end of gallery, or haulage-way at the end of the face, or to 
convenient intervals along it. When coal is hewed by hand 
the long wall becomes a waved line, the amount of its departure 
from the straight depending on local conditions. 

As mentioned earlier, a very large number of accidents 
occur through falls of roof and side ; many of these occur 
on roadways but the majority at the working places, 
owing to the ground not being made secure Sj'^steinatic 
timbering has received a great amount of attention of late 
years, and anything which will tend to straighten the faces 
helps in this direction by facilitating inspection and controlling 
carelessness. 

Economic conditions in connection with increased output 
and improvement in quality have led to the adoption of coal- 
cutting machines, the output from which is best Avhen a 
straight uninterrupted run can be obtained, so that their 
adoption has assisted greatly in the direction of systematic 
timbering. 

The introduction of new methods is invariably opposed by 
local prejudice, but when the methods are right they ultimately 
win favour. The “ iron-man’s ” position is becoming more 
and more secure ; he has come to stay just as surely as the 
motor-bus and the taxi-cab ! 

Coal cutters can be driven either by compressed air or 
electricity. Owing to the low air pressure available at the 
face, the most powerful machines are the electric-driven ones, 
and when there is no risk of danger from gas or dust they are 
the most popular. 

Table Cl, which has been prepared from the Annual Reports 
of H.M. Inspectors of Mines, shows the growth of coal cutting 
machines in the United Kingdom. 
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\eAi 

XuiiibtT of 
ColliPries \\liPie 
ALicliiUPs are 
Employ dd 

lotal Machines 

Tjjk- 

Totcil Tons Cut 
Machines 

Coininossed An 

Electiic 

1901 

No data 

345 

No data 

No data 

3,044,321 

19U2 

166 

483 

334 

149 

4,161,202 

1903 

225 

643 

231 

412 

5,245,578 

1904 

249 

755 

270 

485 

5,744.044 

1905 

295 

946 

500 

446 

8,102,197 

1906 

333 

1,136 

685 

451 

10,202,506 

1907 

390 

1,493 

850 

643 

12,931,256 

1908 

414 

1,659 

922 

737 

13,590,358 

1909 

420 

1,691 

914 

777 

13,769,687 

1910 

432 

1,959 

1,086 

873 

15,878,801 


The average output in tons cut per machine in 1910 was : — 
Electricity 10,200 Compressed Air 6,400 

The following types of mechanical cutters were employed 
in the United Kingdom in 1910 : — 

TABLE C2. 

Motive Power 


Type 

Electricity 

Compressed Air 

Disc 

604 

426 

Bar 

261 

72 

Chain 

107 

27 

Percussive 

1 

555 

Rotary heading . . 

— 

6 

Total . . 

87.8 

1,086 


The different types of machines are suitable for different 
coal seams. Three only will be described to give a general 
idea of their characteristics. 


Disc and Chain Machines. — ^These machines have much in 
common, the disc being an exaggerated circular saw, and the 
chain a type of band saw. Picks or cutters are secured 
on the periphery of a wheel, or to a chain running round a 
driving and a guide wheel, held by an arm or jib bracketed 
to the side of the machine. 
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In the Disc Machine, the construction must be very rigid 


to carry the wheel up to 6 ft. diameter, so that a heavy out can 



be put on, but the 
braking action of 
tender coal as it falls 
on the sides of the 
wheel IS great, so the 
machine is only suit- 
able when a clean 
cut can be ensured. 
The high power 
needed for starting 
the machine has 
made continuous cur- 
rent or slip - ring 
motors most suit- 
able. Fig. t'l shows 
the Diamond Co ’s 
Disc Machine, one 
special feature in 
which is the cutter 
box, which is used 
for attaching the 
cutters to the wheel. 
The whole of the ten 
boxes can be changed 
in a few minutes, so 
there is no excuse on 
this score for using 
dull cutters, and to 
this feature the suc- 
cess of the machine is 
largely attributable. 

Chain machines 
present less surface 
for friction by their 
narrow jib, but are 
not so rigid as a disc 
machine. They are 
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used where the coal is tender, and liable to settle doMu and so 
act as a brake on a disc machine. Squirrel cage motors may be 
used for them when slip-rings are objected to, as the starting 
current is not so heavy as in the disc type. Fig. C2 shows a 
chain machine made by the Diamond Co., which cuts in both 
directions without having to turn the machine round. 

Bar Machines may be used where the coal is too tender for 
either of the above types, as they have the advantage of 



Pig. C3 — Ma’voi and Coulhon’s “ Pick-Quick ' coal-cutter 


presentmg a relatively small braking surface to a fall of coal. 
Fig. C3 shows the “ Pick-quick ’’ bar machme made by Messrs. 
Mavor & Coulson. In this type the cutters project radially 
from a taper steel bar with a coarse pitched worm formed on 
it. The bar runs at a speed of about 500 r.p m., milling a 
groove into the coal, the dust being partially cleared out of the 
cut by the worm ; the remainder serves as a cushion for the 
coal to settle down upon. The bar is carried by a head which 
can be turned in an arc of about 180° in a horizontal plane, 
or with a considerable upward or downward inclination, and 
locked at any desired angle. 
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Standard Sizes. — Table C3 sets out the leading dimensions 
and particulars of some standard bar, disc and chain machines 
supplied by Messrs. Mavor & Coulson, and the Diamond 
Coal Cutter Co , respectively. The height is an important 
feature, and must be considered surprisingly small when it 
includes a 30 h.p. motor The difficulties in the design 
have been overcome in a remarkable way by the English makers 
who in this class of machine lead the world. 

The usual voltage employed is 400 — 500. The motors have 
to be totally enclosed on account of dirt, even where there is 
no risk of gas, and very small m diameter on account of the 
thin seams in which the machines have to operate. One or two 
motors may be used which drive the cutters through machine - 
cut hardened gearing running in oil boxes. The machines 
stand on long slides or skids, and draw themselves forward to 
follow up the cut by winding up a rope on to a winch driven 
off the gearing of the machine with an adjustable feed ; the 
fast end of the rope is secured to a prop set on ahead. 

Machines can undercut to the depth of 5J to 6 ft., the rate 
of travel being anything up to an average of 30 to 35 yards per 
hour on a sixteen hours run. 

A point that requires much more attention than it usually 
gets is the design and maintenance of the bushings intended 
to protect the cables from injury where they pass through the 
motor or switch cases These bushes are too often of very 
flimsy construction and insecurely fastened in position. 

Owing to the simplicity in the cable connections, the high 
efficiency, and the excellent starting torque of small continuous 
current motors, that system has hitherto been most commonly 
employed. 

The size of motors adopted varies from one 10 h p. to two 
16 h.p. per machine. In some of the large machines one 30 h.p. 
motor is used, but the two motor type is found to take less 
energy for the same output. 

The amount of energy consumed does not vary much for 
the same output on a bar or disc machine, but the variations 
on a disc machine are much greater than on a bar machine, 
as the latter is not subject to the braking action of the falls of 
coal before referred to. The maximum current called for is 



Coal Gutters — C.C. Motors. 
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about in the proportion of four disc machines to six bar machines 
of equal rating {Proc. S Wales Inst Eng , Vol. NXVI., p. 1036). 

The easy starting and small risk of jamming a bar cutter 
makes this type pecuharly suitable for driving by an alter- 
nating current Squirrel Cage motor. The worst difficulty in 
working electrically on alternating current is in connection with 
the overload safety devices. These must be set at a reason- 
able margin over the working current, and care is needed to 
operate the machine in such a way that the starting current 
does not bring the safety device into action. Clutches are an 
abomination in such machines and to be avoided, so it is easy 
to see that if a machine is stopped with its cutter-wheel in 
the coal a heavy overload on restarting is a certainty. The 
alternative is for the operators to clear the machine by hand, 
a task which is little appreciated by them, and only resorted 
to after ascertaining that the machine will not clear itself. 

Compressed Air v. Electricity. — The comparison between the 
cost of driving compressed air and electric coal cutters is 
difficult, since as a rule the generator or air compressor supplies 
power to a lot of machinery other than coal cutters. It may 
be taken, however, as a rough and ready rule that starting 
from the boiler a compressed air long-wall machine requires 
from three to four times more power than one electrically 
driven. It is frequently very much more than four times, and 
is probably never less than three times. A few figures are, 
however, available. 

In his evidence before the Royal Commission on Coal 
Supplies, 1904 (Cd. 1991), Mr. M. Deacon stated that “ the 
ef&oiency of air transmission rarely exceeded 20 per cent, of 
the power indicated in the steam cylinder of the compressing 
engine.” The compressed air coal cutter taking 20 b.h.p. will 
therefore require that 100 i.h.p. be developed in the steam 
cylinders of the compressor. The corresponding efficiency of 
electric driving, allowing for a transmission loss as high as 
10 per cent, in the cables, would be from 60 to 65 per cent., 
which means that only 32 i.h.p. would be called for in the 
steam cylinders of the compressor plant to give 20 b.h.p. at the 
electric driven coal cutter. 
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Mr. Q. E Stringer in his evidence before the Royal Commis- 
sion on Coal Supplies, 1904 (Cd. 1991), gave the results of 
tests which showed that with a compound steam engine driving 
a dynamo the fuel consumption for electric coal cutters was 
equivalent to 7 3 lbs per square yard undercut. With a 
compressed air plant and a simple engine the fuel consumption 
for compressed air machines was 52 lbs per square yard 
undercut. 

Mr. Sam Mavor has been good enough to give the author 
a few general figures. At a Scotch colUery from six to eight 
electrically driven machines are operated every night from a 
continuous current plant w'hich supplies current for coal 
cutting only. The fuel consumption per night is one ton of 
washed dross. A neighbouring colliery operating compressed 
air coal cutters \vorking under similar circumstances uses four 
tons of washed dross nightly. 

In the case of a compressed air coal cutter operated from an 
in-bye motor-driven compressor the result ascertained hy a six 
hours test was that during four hours actual cutting the energy 
put into the electric motor was equivalent to 3 B T U per 
square yard undercut This test was not very favourable to 
compressed air working, as the compressor was not fitted with 
an unloading device and was running at iDractically full power 
during the whole six hours The gross consumption ol energy 
amounted to about 4 5 units per square yard undercut. An 
electrically driven bar machine cutting in the same seam would 
absorb 0*3 units per square yard undercut. 

The figures in Table C4 are results of tests of the performance 
of coal cutters published in The Electrician, 12th May, 1911, 
and Table Co is from data by Messrs. Mavor and Coulson. 


TABLE C4. 


Time. 

1 

1 Depth of Undercut 

Yards Cut 

Uiiith Uved 

Uiiit^ ptn 
j Lineal "iaid* 

2 hrs. . 

4 ft. 6 in. 

40 

12 0 

i 0 3 

3 hrs. . 

4 ft. 6 in. 

60 

20 0 j 

033 

1 hr. 54 min. 

4 ft. 6 in 

35 

11 9 ! 

0*34 

2 hrs. 15 mins. 

5 ft. 6 in. 

40 

24 0 

0 6 

2 hrs. 20 mins. 

5 ft. 6 in. 

45 

25 0 

0 55 

1 hour 

5 ft. 6 in. 

1 

28 

15-5 

0 55 


A.E.F. F 
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TABLE C5. 

Messrs. Mavoe and Coulson’s Pick-quick Machine. 


Period of j 
AVorkmg. j 

1 Deptli ot Cut 

Eneigv 

per 

Square 
Yard Cut 

Eiieis^y 
per Toil 
Pi od need 

Total Cost 
<l/tl to 
Haulage 

PlOMOllS Cost 
by Hand 
Holing 

Raving by 
Macliuie 

One year 
One year 

5 ft 3 in 

3 ft. 10 in 

1 

Unit 

0 53 

0 26 

Unit 

0-35 

0 24 

Per Ton. 
2s 6d 

ItS S\d 

Per Ton 
3s l\d 
2s 9cZ 

Per Ton. 
Is Qd 

Is 10-ld 


It -will be noted that the energy consumed per square yard 
undercut by the Pick-quick Bar machine is from about i to J 
a B.T.U. of electricity. In some easy cases the energy used 
may be as low as 0 2 unit per square yard undercut, but in 
hard stone it will run up to O' 8 unit per square yard. A 
moderately strong fireclay requires about 0 4 unit per square 
yard undercut. These figures show what the machine is doing 
when it is working on its full cut. As a machine is not always 
working on its full cut, and may sometimes be running at a 
comparatively low load, it is safer to aUow 1 unit per square 
yard undercut. 

Interesting figures are available from the test taken on coal 
cutters by Mr. J. P. Wmstanley at Westhoughton Colliery, 
January, 1912 {Iron and Coal Trades Review, Mar. 15, 1912), 
and are given in Tables C6 and C7. 

(1) Oillott Compressed-air Coal-cutter {Disc Type) : — ^Alley- 
MacLellan water-cooled single-stage air compressor on surface, 
for dealing with 700 cubic ft. of free air per minute at a pressure 
of 60 lbs. per square inch. 


TABLE C6. 


No. of Test. 1 

Hours. 

Cutting. 

Yaida 

Cut, 

Undei- 

cut 

Feet 

Total 
Square 
Yanlb Cut 

1 

Total 

Units. 

Units per 
fequaie 
Yard 

Square 
\aids 
pel Hour 

1 

1 .. 

15 

155 

2* 

129 

610 

4*72 

8*60 

2 .. 

Hi 

150 

2i 

125 

510 

4*08 

10*90 

3 .. 

14 

162 

2i 

135 

590 1 

4*37 

9*65 

4 

13i 

158 

2i i 

132 

590 

4*47 

9*80 

Totals and 





1 



averages 

54 

625 

2i 

521 

2,300 

4*41 , 

9 74 
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Driven by 140 li,p. Westinghousc three-phase motor. 
Compressor when driving this coal cutter was working at about 
75 — 80 per cent, of full load 

Coal cutter worldng 690 yards away from compressor. 

Width of cutter, inches. 

(2) Hophinson Electrical Coal Cutter {Chain Type) : — 
Driven direct by 25 h.p. three-phase motor ; coal cutter working 
1,430 yards from point where current is metered. 


TABLE CT. 


No of Te'st 

Cuttinj' 

Y.ikK 

Cut 

Uiulei- 
f lit 
tent 

1 otul 
Sijll lie 

Y 11 Cut 

Total 

Unit's 

Uint^ Ijt i 

S< jiuii 
i ii.J 

l»nl llulll 

1 

6V 

C4 

31 

74 6 

104 

1 40 

11 5 

2 

6 

45 

3^ 

52 5 

43 

U 82 

S 7 

3 ’ 

61: 

72 

31 

84 0 

105 

1 1 25 

13 4 

4 . . 


56 


65 3 


1 1 30 

11 4 

Totals and 







1 

avei ages 

24> 

237 


276 4 

w 

w 

1 1') 

113 


Mr Winstanley states that the coal in the case of the electri- 
cally-driven motor was of the two very much harder to cut. 
As regards up-keep the advantage lay with the electrical 
cutter. 

Percussive. — ^It will be appreciated that the outjiut from a 
coal-cutting machine of any of the above t 3 "pes depends upon 
the length of face along which the machine can be moved 
intact and without dismantling, as dismantling and reversing 
in order to work back along the face takes time. Where the 
face is short, as in stalls, such machines are unsuitable, as the 
time lost in dismantling would approximate the working time, 
and the machine would be too heavy and clumsy to put on one 
side while the coal was being cleared. In stall working, 
therefore, a machine which is rather of the Drill than Cutter 
family is used, although when adapted for use in coal mines 
they are called cutters. 

The most popular type is the ^‘Percussive” machine, in which 
the tool is attached to a piston, which is reciprocated by some 
means. Compressed air is the simplest method of working 

-s 2 
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the piston ; although several machines of the class have been 
developed, for electrical driving, the compressed air machine is 
still used to a far greater extent than those which are directly 
driven by electricity. 

The earhest machines of this type, known as “ Punchers,” 
were mounted on small wheels, and weighed complete some 
600 to 700 lbs., so that they could be removed without much 
difficulty from one working place to another. In operation 
the machines are mounted on a wooden platform packed up 
at the back end so that the recoil is neutralised by gravity, 
and the machine runs forward to follow the cut into the coal. 
This class of machine is greatly used in America, but has never 
been popular m this country, due to the vibration caused to the 
operator, who sits behind it guiding and pressing it forward 
down the slopmg platform. 

“ Siskol.” — To overcome this objection the “Champion” Coal 
Cutter, which has latterly been called the “ Siskol,” was brought 
out by the International Channelling Machines Ltd. This 
machme is worked from a rigid support or column with a screw 
jack in the head of it, by which it may be secured in position, 
and may be used either as a coal cutter or as a drill, the 
difference being in the attachment between the cylmder and 
the pillar. When the machine is set to work the cutter strikes 
the coal at the rate of 200 — 350 blows per minute. If it is 
desired to drill a hole the tool is directed to one spot, but if it 
is desired to cut a groove in the coal the tool can be moved 
roimd by the quadrant-shaped racking motion, the attendant 
operating the feed forward with one hand, while he controls 
the dii-ection of the tool with the other. 

When the cylinder has been advanced to the full extent of 
the feed screw, i.e , 18 in. to 24 in., the machine is stopped, the 
cylinder screwed back, and the cutting bit replaced by a 
longer one. The machine has a piston 3J in. in diameter, with 
a stroke varying from 4 in. to 7 J in. The valve is air driven, 
the special feature in the design being the air cushion in front 
of the piston, which prevents the piston from striking the front 
cylinder cover should the cutting chisel miss the coal and strike 
into a void. The drill part of the machine weighs about 
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240 lbs., the segment 112 lbs., and the column about 200 lbs., 
depending on its length, so that it is evident that the znachine 
is much more portable than the other tj^es. They will with 
one setting make a cut up to 20 ft. wide ; the depth is generally 
limited to 6 ft. 

The ” Electric-air Radialaxe of the Ingersoll-Rand Co. is 
mounted and used m the same way. 

Electric Drills. — There are several types of electric drills 
now in use, the percussive or solenoid, the rotary or motor 
driven, and the electric-air drill. 

In the Percussive or Solenoid tj'pe, an iron core is attracted 
and repelled alternately by the intermittent magnetisation of 
coils which surround it. There are several different types ; 
in one tjrpe there are three coils, to two of which an alternating 
current, which is reversed at every half period, is suppUed, 
while the middle coil is energised with continuous current. 

One of the latest types is the Marvin-Sandy croft drill. This 
type has only two coils, which are energised alternately Avith 
a pulsating current supplied from a special generator. The 
generator is a 200 volt continuous current machine with an 
extended shaft, upon which is mounted a Dutton's patent 
wave-forming device. This arrangement supplies a low fre- 
quency, flat topped current curv^e, by a special arrangement of 
slip-rings and commutators. The principal feature of the 
apparatus is that, although a four-pole machine is employed, 
only one cycle is produced per revolution. Tappmgs are 
taken from four points on an ordinary continuous current 
commutator, as in a single phase rotary converter, and 
connections are taken from these to two segments of a four- 
part commutator, with two brushes. The other two segments 
of this four-part commutator are connected to the two 
slip-rings, which are connected to the main terminals. Thus 
the action of the four-part commutator is to take current 
during successive quarter revolutions from the continuous 
and alternating current sides in turn, so that the result 
is a wave lasting over half a revolution. The flat top 
results from the quarter revolution, during which continuous 
current is being taken in the appropriate direction. The 
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divided ring between tbe ordinary commutator and the 
four-part ring simply serves to make connection during 

alternate half -revolutions to the two 



sections of the coil on the drill. 
These two coils have a common 
return, so that only three leads need 
to be taken to the drill. The 
standard machines run at 385 r p m. 


The magnetic pull of the coils 



draws the plunger, to the head of 
which the drill is attached, back- 
wards and forwards as the current 
alternately passes through one or 
other coil ; see Fig. C4. At the back 
end of the cylinder there is a very 
heavy hehcal spring, which cushions 
the backward stroke of the plunger 
and supplies some of the energy thus 
momentarily stored to the forward 
stroke. The coils forming the body 
of the machme are wound upon a 
steel tube provided with steel heads, 
and are encased in a steel jacket 
which is caulked m place, making 
the coils entirely impervious to dirt 
or moisture. 

The construction of the coils is 
designed to meet the rough conditions 
under which such a machine has to 
operate. Bare copper wire of square 
section is used, and is insulated as it 
is woimd with pure mica, no other 
insulating material being used in the 
construction of the drill. This ren- 
ders the coil absolutely fire-proof 
and eliminates possibility of injury 
due to vibration. 

A 6-in. drill of this type will 
drill a hole 8 ft. deep and 1^ in. 
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diameter at the bottom. The stroke is 7 in. and the length of 
feed 24 in. The weight of the drill is 320 Ihs. The current 
required is 30 — 35 amperes, and the power required on the 
pulley of the standard 200-volt generator at 385 r p m. is 7 h p. 

The standard generator may be run as a rotary converter 
o£E a 200-volt circuit when its output is doubled ; in this case 
the current-collecting devices are made heavier than when the 
machine is to be belt driven. 

In the Rotary type of drill a rotating cam compresses a spring, 
which throws the piston forward on the return stroke as soon 
as the cam has sHpped off the disc The cam shaft is motor 
driven at a speed of from 250 — 400 r.p m. A drill of this tj'pe 
is only suitable for working dovm wards, as when worlung 
upwards the weight of the drill acts against the spring and 
reduces the force of the blow. 

In the Asbestos IVLnes of Quebec a drill of this ti^-pe is used 
with excellent results, the blows being given through a crank 
shaft driven by a motor, the drill at the same time being 
rotated by gearing About 2 h p. is required to w'ork the drill 
but 5 h.p is required for compressing the air used to blow the 
dust out of the holes, W'hich are drilled up to 10 ft. in depth. 
Water cannot be used for the purpose, as it would clog the 
asbestos dust and choke the drill. 

Another drill of the same tjqpe used in the Asbestos Mines is 
of the percussive and revolving, but not reciprocating tj’pe. 
It will carry a 2|-in. tool and when delivering about 300 blows 
per minute the drill wall advance about 3 in. Compressed air 
is used to keep the hole clear. The drill steels in this tj’pe of 
drill are hollow, and are used to convey the air to the cutting 
edge. 

The Temple- l7iger soli “ Electric- Air drill is electrically 
operated, but is not strictly an electric drill. In this machine 
the drill is driven by pulsations of compressed air generated by 
a motor-driven duplex air pulsator. The air is not exhausted 
to atmosphere, but is used over and over again, as two short 
lengths of hose connecting the pulsator and the drill, each 
running from one pulsator cylinder to one end of the drill 
cylinder and serving for the air admission and return. The 
pulsator is a vertical duplex single acting air compressor with 
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cranks at 180°, but with no intake or discharge valves or water 
jackets. It is geared to a motor, which may be either continu- 
ous or alternating, and is mounted on a small truck for con- 
venient transport. The drill is of the simplest possible type 
A cylinder contains a moving piston and a device for rotating 
the drill, but there are no valves or small complications. 
Pig C5 shows an elevation of the electric-air drill partly in 
section. In the ordinary air drill a cyhnder full of air at full 
pressure is used at each stroke and discharged into atmosphere 
at practically full pressure, little or no advantage being taken 
of the expansive properties of the air. In the “ electric-air ” 
drill the air is used m a closed system, under a low pressure, 
and is merely the transmitting agent between the piston of 
the pulsator and the piston of the drill itself. Air leakage is 
provided for by a compensating valve, which automatically 
maintains the requisite pressure in the air circuit. A machine 
of this type with a 3 h p. motor will drill holes 1 J in to 1^ in. 
diameter up to 6 ft. in depth. Larger machines fitted with a 
6 h p. motor will drill holes of the same diameter up to 16 ft. 
m depth. 

Electric driUs are also made of the Stand type, in which the 
rotary motion is given by a motor carried on a machine and 
connected through gearing to the drill, or sometimes a separate 
portable motor is used and connected to the drill by a flexible 
shaft. The power taken is from J to 1 h.p. With this type 
of drill a hollow spindle is often used, through which water 
is run to the cutting edge, which serves the purpose of keeping 
the drill cool and the hole clear. A drilhng speed of from 
^ in. to 5 in. a mmute is obtained, depending on the class of 
rock. This type of drill is somewhat delicate, as when the 
motor is mounted on the drill the temptation is to make it too 
light to stand the rough work. When the motor is on the 
ground and connected by a flexible shaft another detail is 
incorporated which is by no means free from trouble, as under 
the best of conditions a flexible shaft is somewhat delicate, 
and in a mine it may get roughly handled. 

A very exhaustive set of DriUmg Trials was made on the 
Rand, as in 1909 the Transvaal Government and Chamber of 
Mines inaugurated an official contest, offering £4,000 and 



COAL CUTTERS AND UNDERGROUND DETAILS 73 



TiMiiiili'-In-ioiMdl I'loiliif iiii drill 


74 


APPLICATION OF ELECTBIC POWER 


£1,000 respectively to the two most successful competitors. 
Twenty-three machines were entered, nineteen of which were 
tested. In May, 1910, the result of the competition was 
officially announced. The Siskol drill was declared to have 
dead-heated for the first place with the Holman, and they 
were each awarded a prize of £2,500. Both these drills are 
worked by compressed air, but they may both be worked on the 
electric -air system by means of a portable motor-driven 
compressor. 

Conveyors. — Coal cutters working on the long-wall system 
offer a tempting field for the introduction of conveyors, but 
the difficulty in gettmg a conveyor which will work under the 
rough and tumble conditions obtaining prevents the employ- 
ment of anything approaching the elaborate types of conveyor 
that are used above ground. 

It must also be remembered that coal cutters are mostly 
introduced in the case of thin seams, and in a seam 
of 18 in. thickness, there is very httle room to put elaborate 
machinery ; 24 in , however, is considered fairly liberal. 

Machine cutting has been introduced into thin seams to enable 
them to be worked economically, and machine handling for 
transporting the coal to the gate-end becomes an economical 
necessity. If extra head room had to be provided for handling 
the coal after it is cut the value of the machine cutting would 
be greatly discounted, or in fact the scheme might be imcom- 
mercial. 

Several conveyors are now on the market on to which 
the coal can be filled along the face of the wall, and which will 
dehver it into the wagons at the haulage road at the gate-end. 
Some of the conveyors are on the band and others on the tray 
system, and are worked intermittently along the face at a speed 
of from 100 to 150 ft. per minute ; in cases where electricity 
can be employed a motor forms the handiest means of working 
the machine, as it can. be snugly attached to the end carriage 
of the conveyor, which it drives through gearing. 

The motors employed are from 6 to 10 h.p. The work is 
very rough, although not quite so rough as the coal-cutting 
motor has to contend with ; the conditions call for totally 
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enclosing it and everything being made of the strongest, and 
yet the simplest, description. 

The Blackett is one of the earliest and best known conveyors, 
and consists of standardised 6 ft. sections of steel sheet troughs 
carried on an angle iron framework ; each length can be erected 
or dismantled without bolt or nut, and each trough can be 
similarly lifted out for access to the chain beneath. The chain 
is of special design made by Messrs. Ley, and rides on the small 
coal, which is dragged along the bottom of the trough w'hile it 
carries the larger coal. The lower half of the chain returns 
within the framework underneath the troughs, and a ratchet 
screw is provided at the tail end for adjustmg it. The height 
of the conveyor itself over the troughs is about 10 in. , the 
discharging and tail ends are a little higher, but will easily go 
into a 2 ft. headway. The overall width is 18 in. A conveyor 
of these dimensions when driven by an 8 — 10 b.h p motor 
running at about 600 r p.m., which is generally carried on the 
framework of the discharging end, will deliver 25 — 30 tons of 
coal per hour. One of the earhest Blackett machines 
made by the Diamond Coal Cutter Co in 1904 has been in daily 
operation since that date, and has delivered some 200,000 tons of 
coal from a seam barely 2 ft. in thickness. 

The Gihh conveyor is a combination of a carriage and scraper 
chain. The conveyor is about 20 in. high and 24 in wide It 
consists of two end sections and several intermediate sections 
each 6 ft. long. The end discharge is effected by scrapers 
attached to a pair of endless chains which are returned under 
the bottom of the carriage. The discharging end contains a 
gear, through which the scraper chains are operated by a rope 
from an independently situated haulage gear. While the 
carriage is travelling the scraper chains do not rotate, but on 
arriving at the dischargmg position a simple trip arrangement 
releases a wheel, which is then free to rotate and drive the 
scraper chains. The carriage may be drawn along the face 
towards the gate-end at a speed of about 150 ft. per minute. 
When it reaches the stops at the roadway with its end overhang- 
ing an empty wagon it automatically operates a trigger and 
commences to discharge. When the load has been discharged 
the direction of travel of the rope is reversed by operating the 
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controller, the trigger re-engages and locks the discharging 
gear, and the carriage is returned to the fillers. An advantage 
of this type of conveyor is that the conveyor carriage can be 
kept out of the way of the coal-cutter men. The whole 
arrangement is very portable, and its weight and cost are much 
less than those of a full length conveyor. The capacity of the 
conveyor depends upon the thiclcness of the coal seam. The 
smallest that can be practicably made will operate in a total 
headroom of 18 in. ; such a conveyor with six intermediate 
sections has a capacity of one ton. 

The Ritchie conveyor, made by the Diamond Coal Cutter Co , 
is of the intermittent discharge type, and will deal with any 
quantity up to 80 or 90 tons per shift during normal working 
It is generally used where the quantities to be handled do not 
justify the installation of a continuous running conveyor of 
the Blackett type The conveyor is composed of standardised 
6 ft. sections of light steel troughing. These troughs are only 
4: in. high on the face side and 8 in. high on the goaf ; the 
overall width is 22 in. A specially strong belt, which is made 
about one-third the length of the coal face, is hauled to and fro 
in the troughing by means of main and tail ropes, which may 
be driven by an electric motor or compressed air engine. The 
motor is buUt mto the discharging end of the conveyor, which 
stands on rails at the main gateway and is entirely self-con- 
tained. It is quickly and rigidly secured into position by 
means of two short screw jacks which are set up against the 
roof. All the gearing and the motor are completely enclosed. 
The tail rope for workmg the belt is carried round a return 
pulley, which may be merely anchored to a prop in line with 
the troughs. The return speed of the belt is about three times 
the loaded speed. This conveyor can be used in the thinnest 
possible working seams, and on account of the lightness of the 
troughs and the facility with which it can be taken apart and 
re-assembled it can be very easily and rapidly moved forward 
and re-erected. The power required to drive it the usual 
length of about 100 yards is 8 to 10 h.p. 

Shaker conveyors are economical as regards the power 
consumed, but the elaborate construction used over ground is 
hardly applicable to the conditions of underground service, 
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although, in many instances, they have been successfully 
adopted Shaker conveyors have been used on the Rand 
slung from the roof by short chains which are adjustable by 
eye-bolts. The arrangement is very cheap and convenient ; 
if it were worth while an electric drive could easily be arranged, 
but on the Rand they have generally been swung by Kaffirs. 
Such conveyors have been made 18 in. wude and up to 200 ft. 
long. The power required for swinging them, as given bj 
Mr. E. G. Way (Proc. Inst. Mech. Eng,, 1907, p. 989), who 
introduced them, varies from about twenty-two men on a 
conveyor 224 ft. long to three men on one 32 ft. long. 

Belt conveyors are excellent and economical where they can 
be properly fixed, but do not lend themselves to underground 
conditions on account of the difficulty and expense in levelling 
them with sufficient accuracy to prevent undue wear and tear 
of the belt. 

Shot Firing . — The firing of explosives is effected b^* two 
different systems — the lugh tension and the low tension. 

Small portable generators of the magneto type are generall 3 ’ 
employed. Portable batteries have been largely’ emploj’ed, 
but generators are now more popular. 

Low-tension fuses consist of small platinum wires embedded 
in fulminate of mercury, or some similar priming substance, 
which IS fired by the incandescence of the platinum, and in 
turn igmtes the explosive charge ; they require about 0 3 
ampere at a few volts pressure. 

In high-tension fuses the ends of the platmum \\'ire onl^’’ 
proj'ect into the detonator, and a spark is driven across the 
chemical compound between them at a pressure of about 
80 to 100 volts. 

By arranging low-tension fuses in series forty to fifty can be 
fired simultaneously. There is a danger in arranging fuses in 
series, as if one goes off too soon it may break the circuit and 
prevent the remainder bemg fired ; they must be of the same 
tjqie and size and in good order. 

Shot firing is always in the hands of special officials, who are 
responsible for not connecting up the wires to the magneto 
until everything is ready, and taking certain other precautions 
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against risk of clanger. Current from lighting or power circuits 
is not allowed to be used for the purpose on account of the 
danger of premature ignition. The risk of mis-fire is practically 
ehminated with electric shot firing if care is taken to see that 
the firing battery or magneto is well up to the work it may be 
called upon to do. 

Underground Lighting does not usually extend far beyond 
the shaft bottom or motor rooms. 

Low pressures should be employed, preferably not exceeding 
100 volts. Here alternating current is convenient, as small 
transformers give every facihty for securing safety with 
economy. The lamps must be protected, generally with 
fittings of the “ bulk-head type,” and, as mentioned previously, 
insulated wires run on insulators are much better than wires 
drawn into piping on account of the risk of damage by bent 
pipes and the inevitable rusting due to condensation. 

The danger from faulty hand lamps has already been men- 
tioned, and must be guarded agamst by the selection of safe 
types. The faults in certain types have been so freq^uently 
advertised by the Home Office Electric Inspector of Factories 
that there is no excuse for ignorance on this score. 

Accidents have arisen from the accidental contact between 
lighting circuits and power circuits of high potential ; this point 
must be carefully watched, and safe routes with efficient pro- 
tection selected for each circuit. 

Safety Lamps. — ^Where lamps are lit by hand they may be 
burning a long time before they are usefully employed, and the 
consequent waste of oil is a serious item. Economy is effected 
in many pits where oil safety lamps are re-lit by an electrical 
apparatus, which consists of an induction coil in a specially 
constructed box with sunk terminals to prevent open sparking. 
The safety Hmps are fitted with an insulated wire brought 
through the oil vessel into the interior of the lamp and terminat- 
ing at the wick. When the safety lamp is pressed down into 
the box the terminal plates make contact with the lamp body 
and the insulated wire respectively, and a spark is drawn from 
the wire to the wick holder which lights the lamp. Such 
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apparatus is placed at authorised re-hghtmg stations under 
ground. 

Electric safety lamps are not employed to any great extent 
in this country. Out of 705,482 safety lamps in use in the 
United Elmgdom in the year 1910 only 2,055 were electric, 
being a reduction of 100 electric as compared with the 
preceding year. 

The Chief Inspector of Mmes states in his 1910 Annual 
Report, part 2, p. 65 : — 

“ There seems every probabihty that had electric hand 
lamps been in use at the Whitehaven and Hulton Collieries the 
terrible disasters which took place there during the year would 
not have occurred ; . . . by electric hand lamp is, of coixrse, 
meant an electric lamp of an approved tj^e ; ... as in the 
case of both these disasters there is little or no doubt that the 
igniting cause of the explosion was a gauze safety lamp.” 

The urgency of the need for a portable Miner’s Electric Lamp 
was so strongly felt by a coUiery proprietor m 1911 that he has 
offered, through the Secretary of State for the Home Depart- 
ment, a prize of £1,000 with a view to encouraging inventors 
and manufacturers to lake up the question. The first prize of 
£600 was won by the C.E.A.G. Lamp, which was sent in by 
Mr. P. Farrer of Dartmund The remaining £400 was equally 
divided between eight other competitors. 

The constant straining of the eyes of miners working with 
oil safety lamps which only give about 0 66 c.p., due to the 
imperfect hghting, is well estabhshed ; better lighting would 
make for increased output and increased safety vith less strain. 

An oil safety lamp can only be shghtly tilted, so that it is 
impossible to project the light from it directly on to the roof. 
An electric lamp, which can be used in any position, has not 
this disadvantage. 

Various attempts have been made with both primary and 
secondary batteries to develop a reliable electric safety lamp. 
The low efficiency of carbon lamps was a great drawback ; 
now that metaUio filament two and four volt lamps are available 
the prospect is much more encouraging. 

The Sussmann lamp . — Of the 2,055 lamps reported as in use 
in the year 1910 about 1,800 were of the Sussmann type, and 
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were in use at the Murton Colliery, Durham. This lamp con- 
sists of a secondary battery of the two-cell type with a gelatinous 
eleetroljde ; hence it is sometimes spoken of as a dry type in 
distinction to other types of secondary batteries, the cases of 
which have to be tightened by screw plugs or similar devices to 
prevent the acid spilhng. The Sussmann lamp weighs 4^ lbs., 
and will give 1 J c.p. for twelve hours. 

The Wolj lamp contains one secondary cell in a celluloid 
case with a capacity of 1 J c p. for ten to tw^elve hours on the 
two-volt metallic filament lamp wdth which it is fitted. The 
complete miner’s safetj'^ lamp weighs 4J lbs. 

The Float safety lamp is made up with two carbon-zinc cells, 
and weighs complete 5} lbs. It gives 8 c.p. for eight to nine 
hours, falhng to 4 c p. by the end of the tenth hour. 

The Pape safety lamp is designed for use with the “ Fors ” 
accumulator. This accumulator has electrodes of the circular 
tjTpe, the positive being placed inside a porous pot, while 
the negative surrounds it. The lamp cases are of solid drawn 
aluminium tube wdth a foot and coUar cast on, or are made of 
light aluminium castings. The trunnion-pins, which carry 
a yoke, are riveted to the top of the casing by means of lugs, 
and a set screw through the centre of the yoke serves to hold 
the lantern firiiilj’ m position on to the case conta.ining the 
battery. One set-screw only is required to make all the joints 
perfectly airtight. The smaller sizes are fitted with stout 
cylmdrical glass chimney’s, sealed at the top and bottom with 
v^ulcanised rubber. The complete lamp weighs 3 lbs., and is 
10 m. in height by 3| in. diameter, and gives IJ c.p. for twelve 
hours. 

The LitTianode Unsjnllable hand lamp is a novel and inter- 
esting tjqie. At present it is enclosed in a square cornered, 
hard wood case , if it is generally introduced for mming work 
this will doubtless be altered. The lamp switch is unusual, 
and it is operated by turning the bezel of the protecting glass 
through a small arc of a circle. The accumulator is of the 
'Lithanode patent unspillable type, and claims to be the only 
one on the market that attains its unspillable quality without 
the use of any packing material between the plates. The 
principle of the unspillable cell is identical with that of the 
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unspillable inkpot^ a separate chamber being fixed at the side 
of the accumulator to receive any few drops that maj" be 
brought over when the accumulator is gassing A hand lamp 
complete measures 5 in. by 2| in. by 7 in. high and weighs 
4 lbs. 2 oz. It gives a light of 5 c p. tor eight hours 

With the exception of the Murton Colliery above mentioned 
no other pit in the L'^nited Kingdom is completely ht vdth 
electric lamps, but they are largely used for inspection pui’poses, 
and are highly ajipreciated for rescue work 

Signalling. — Electric signalling by means of a bell is m 
general use in mines, as it is moie reliable and rapid than the 
old mechanical arrangements. It, howe\'er, is perhaps more 
likely to get out of repair and greater skill is required m main- 
taining and repairing an electric S3^steni than a purelj’ 
mechanical one. 

An electric sj'stem is commonly" u^ed along haulage road's , 
the wires are usually bare and supported on insulc^tor‘^ along 
the road. Special care must be taken to keep the signal w^ies 
clear of any possible connection with the ligliting or power 
circuits. Push-buttons or Morse ke3’s aie u^ed as contact 
makers at the fixed stations ; the3'' must be so constructed 
and fixed that the3^ cannot accidentall3" close the circuit. Tlie 
bare wires afford facilities for giving signals tioin intermediate 
points, as a contact is readil3^ made across them with a piece of 
metal. All bells and contact makers must be strongl3’ made ; 
the best t3^pes are iron cased, and so constructed that the3’ are 
gas, water, and dirt proof. 

In the 1904 Specirvl Rules 15 volts was the maximum i^ressure 
allowed. Lender the 1911 Special Rules this has been mcrea-ed 
to 25 volts. For longer chstances than can be covered conve- 
niently with a 2 5 - volt circuit relay^s are emplo5"ed. In the 
ordinary relay system double vires are used, and the rela5"s 
are arranged to operate local batteries, which may be either 
of the primary or secondary type. 

A new and ingenious relay system has lately been introduced, 
where as many relays as there are stations are comiected in 
series with the line wire and the relays in the indicators are 
tuned to them, hence the section or station in which a contact 

A.E.P, o 
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is made shows on the indicator. The arrangement makes for 
safety, as if a “ stop ” signal is given the motor-man not 
only knows where it originated, but knows that it will be 
dangerous to start again from a signal given on any other 
section ; but it is open to question whether this advantage is 
not obtained at a sacrifice of simplicity and an increased risk 
of interruption. 

Luminous shaft signals are in common use on the Continent 
in connection with electric winders, but have not found favour 
here, chiefly owing to the difficulty in working a mixed system 
of signals. For winding-shafts a heavy rapper, or gong, is 
used with a well-understood code or system of signals, and it is 
easy to see the objection to the introduction of a new and 
elaborate sj^^stem in one shaft only of a group. There is no 
mechanical or electrical difficulty in arrangmg a large number 
of windows, which can be illuminated by movmg a commutator 
switch and show the legend inscribed thereon, but the mechani- 
cal simplicity does not compare favourably with a 7-lb tilt- 
hammer arranged to strike a piece of loose boiler plate when 
pulled by a f in. galvanised iron wire cord, trusting to the 
hitchers and banksmen to count the blows i 

Telephones. — “ Telephonic, or other equivalent means of 
communication, shall be provided between the surface and the 
pit bottom or main distributing centre in the pit ” forms one 
of the 1904 Rules for the Use of Electricity. The use of tele- 
phones is now much more general and highly appreciated ; 
special types of mining instruments have been brought out to 
meet the special conditions. 

The Western Electric Co. have a model heavily housed in 
w'ood impregnated with oil against damp, and covered in sheet 
lead for mechanical protection. The metal parts are also all 
lead plated and the coils specially water-proofed. The receiver 
and transmitter are both inside the box for protection ; a 
flexible tube which also acts as an insulator connects the 
receiver to the ear-piece. Two-wire insulated lines and local 
batteries are generally employed. A loud-ringing bell of the 
same construction as the telephone is supplied separately, as 
it is usually fixed away from the telephone. 
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In the latest model by the same makers (Fig. C6) the case 
is of enamelled oast iron with a door of special design ivithout 
hinges, and arranged so that the whole instrument is absolutely 
proof against water, moisture and explosive gases. Accom- 
modation is made for two dry cells in a part of the case, which 
is separated from the apparatus by means of a cast-iron 
partition. The ringer has its gongs in a perforated chamber 



above the main case, so that a loud-sounding ringer is possible 
Two receivers are fitted inside the case, flexible metal tubes 
with vulcanite ear-pieces being led from the receivers outside 
the case. The set measures 23 in. by 6 in. by 12 in. and weighs 
about 5^ lbs , it is specially suitable for use tti mines 
where simplicity of operation and reliability are required’ 
where damp, corrosive or inflammable gases are likely to occur’ 
and where instruments are likely to receive rough treatment. 
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CHAPTER IV 


HAULAGE GEARS 

Hauling. — The handling of the wagons in detail is done by 
hand, by pit ponies, or by small haulage sets, and when long 
distances have to be travelled the wagons are assembled at 
centres on mam haulage roads, whence they are brought to the 
shaft by endless-rope haulages or in trains or '' journeys ” by 
large haulage engines. 

There is no scientific line drawn between hauling and winding. 
Haulage roads are level or inclined at any angle, shafts at which 
winding engines work are vertical or inclined, or in some cases 
partly vertical and partly inclined. 

In large pits the power of the haulage engine units is relatively 
small as compared with the power of the winding engine, but 
many haulage engines in large pits are larger than the winding 
engines in small pits, so that the classes cannot be divided either 
by duty or by size. Winding is generally taken as meaning 
the raising of the mineral to the surface in a vertical or highly 
inclined shaft, and hauling the transport of the mineral along 
more or less level roads. In -ndiiding the full weight of the load 
may come upon the rope, m hauling only a part of the weight, 
as the skips or wagons are always standing upon the rails. 

Ropes. — On the Continent fibre ropes are largely employed, 
but in this country steel is almost exclusively used for haulage 
and winding ropes. 

Reference to makers’ lists discloses many qualities of steel 
called by strange or trade names, such as “ Selected Extra 
Plough,” “ Improved Patent Crucible,” “ Patent Crucible,” 
“ Best Selected Bessemer,” “ Best Selected Charcoal.” The 
names mean a great deal when applied to any particular maker’s 
goods, otherwise they are merely conventional signs, and it is 
difficult to ascertain exactly the quality of the material used. 
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Messrs. Latch and Batchelor state the approximate brealdng 
strain of their various qualities of steel wire as under — 


Table D1. 


Approxhnate hreaJcing load in tons per squat e inch. 


Best patent steel 
Mild plough steel 
Best plough steel . . 
Special plough steel 
Extra special plough steel . . 


90 tons sq 
100 „ 

110 


in. 


120 

135 


to which may be added for comparison, although they are not 
used in mining ropes, 


Iron ware . . . . . . . 40 tons .sq in 

Bessemer steel w'lre . . . .. 50 


The term “ patent ’’ used in this connection reter'' to the 
drawing of tempered steel wire as originally earned out by 
Mr. James Horsfall, whose wire w'as used for protecting the 
earliest Atlantic cables. 

Hardness or mere tensile strength must not be alone con- 
sidered, as steel ropes harden in use, and a worn rope may gi\'e 
a higher tensile test than it did when new and unworn, although 
it cannot be considered to have been improved by wear. 

More important than the tensile strength is the brittleness of 
the ware, as upon this, apart from frictional wear, the life of 
the rope depends. In haulage ropes particularly there is a 
temptation to make the drum and pulley diameters too small, 
so that the rope gets unduly bent in w'orking The stronger, 
i e,, the harder, a wire is the less capable it is of withstanding 
bending. A log is sometimes kept of rope tests on the basis of 
the number of twists that a length of 8 in. of wire will stand i 
a bending test would appear to be better, as more closely 
approximating working conditions if the radius over which the 
w'ire is bent was taken in proper relation to the size of the wdre 
under test. 

Tests of wire ropes made for »Sir William Arrol by Mr. A. S. 
Biggart during the building of the Forth Bridge showed the life 
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of a rope If in. circumference on a 10^-in. pulley was 16,000 runs 
when dry and t’s^ice as many when oiled A similar rope on a 
24-in. pulley ran 74,000 times when dry and five times the 
number when oiled [Proc. Inst. Civ. Eng , Vol. Cl.). 

In the case of haulages, other than endless rope, the friction 
of the rope along the roads is the principal destructive agent ; 
for this work steel ropes of about 80 tons per square inch 
brealdng stress may suitably be employed, and in order to 
avoid large and unhandy drums it is good practice to have the 
drum diameter fifty to sixty times the rope diameter. In 
the case of electric haulages, as the maximum torque which the 
motor can exert is known, a factor of safety of 5 or 6 is ample. 
Locked-coil ropes are often employed as the wear is more 
uniform ; a broken wire is kept in position by the peculiar 
locking section, and in this construction smaller wires can be 
used, which results in a more flexible rope. 

Flattened strand ropes have a smoother outside surface and 
have a longer life than ordinary ropes, and approximate a 
locked-coil in some particulars. 

Makers' tables of strength of ropes are based on the aggregate 
strength of the indi\udual wires, and the working load is 
generally taken as from one-sixth to one-tenth of the breaking 
load. 

An empirical formula for the strength of ordinary lay steel 
ropes of about 80 tons tensile strength with hemp cores is 

X 3 = Breaking load in tons 
when C = Circumference of the rope in inches. 

In ordinary rope-making yams are made by twisting fibres 
together right-handed. Strands are made by twisting yams 
left-handed, the rope being composed of strands twisted right- 
handed with or without a core. It •will be observed that in 
each succeeding step of the process the lay is reversed. Wire 
ropes are similarly made by twisting wires and strands in 
opposite directions. In Lang’s lay the rope is made up by 
twdsting strands in the same direction as that in which the 
wires forming the strand are t’wisted ; this results in a better 
bedding of the wires, and a larger exposed surface with greater 
flexibility for the same size of wire. 
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lii working endless-rope haulages the handling of the clips 
or chains is apt to be very severe on the rope, hence it is better 
to use a hard or plough steel quality, and as an ordinary lay 
presents a rougher surface it affords a better grip than a Lang’s 
lay, locked-coil, or fiattened-strand rope. 

For other haulages a softer grade of steel may well be 
employed, and it is well to employ the largest practicable wire, 
as it takes longer to wear through, even at the expense of some 
flexibility. The 1911 Act, s. 46 (1), calls for the re-capping of 
haulage ropes at least every six months irrespective of the 
amount of use to which they are subjected, or whether they 
are driven by an electric motor or a reciprocating engine. 

Ropes should be oiled where possible, as their life is increased 
if the wires are mutually lubricated. Judgment must, how- 
ever, be exercised, as an oiled rope may pick up more grit than 
a dry rope, which vdll increase the wear of the rope on tlie 
drum. 

For use in the presence of corrosive gases or bad water 
the ropes should be protected by galvanising, but such treat- 
ment renders the steel more brittle and weakens the rope, 
hence a larger and heavier rope is required for tlie same faetoi 
of safety, so galvanising can only be looked upon as a necessary 
evil. 

Types of Haulage. — Haulages may be of the single drum tj*pe. 
when they are worked with a single rope, or of the double 
drum type, when they are used either for two main ropes or for 
a main and tail rope. In this ease both the drums can be 
either driven by the shaft or can free-wheel on the shaft. The 
third variety is endless rope haulages, in which case one or two 
turns of an endless rope are taken round a specially grooved 
friction pulley to ensure sufficient grip to drive it. In some 
cases a chain instead of a rope is used for endless haulages. 

Until the last few years aU the above types of haulages were 
worked either by compressed air or steam engines. In some 
cases the steam engine and gearing complete were fixed on the 
surface and the ropes taken down the shaft. This was to meet 
the objection of taking steam pipes down the shaft or having 
steam boilers under ground. 



&S APPLICATION OF ELECTRIC POWER 

Electricity offers so much greater convenience, power, and 
economy, that its use for mam haulage engines is becoming 
verj" general. The prime cost of an electrical haulage is high 
as compared with the cost of compressed air or steam gear, but 
if it is of good design and Avorkmanship the maintenance is very 
small and the life promises to be long, so that the investment 
IS a profitable one. 

The normal power of a steam or air haulage can only be 
exceeded by some 25 per cent overload under favourable 
conditions, but in a mine the loss of pressure in the pipes 
frequently prevents eA^en the rated load being obtained. In 
an electric haulage the normal rating can be exceeded by 
100 per cent, for short periods, wlule the starting torque is 
some tAAo to tAVO-and-a-half times the normal, Avhich 
is a A*ery great adA’antage quite apart from the economy in 
AA'orking. 

In the case of electricity the poAver is ahvays available 
without any delay, so that by merely turning a switch an odd 
journey can be run at any time Avuthout Avaiting for condensed 
water to be drained out of pipes. The steady starting and haul- 
ing of the AA’agons decreases the amount of mineral shaken 
out of them on to the roads, or otherAAuse broken, and also pro- 
longs the hfo of ropes, shackles, and AA'agons. Every haul- 
age motor should be proA’ided AAuth an ammeter in front of the 
attendant, as it serves as a valuable indication, not only as to 
the workmg of the maehme, but also as to the state of the road, 
and so promotes better maintenance of the roads. These are 
important points AA’hich are appreciated by the mine managers 
AA’ho have experienced them. 

While extolling the virtues of electric haulages the author 
would not recommend their universal adoption, as the result 
of taking electrieitj’ into some places may cost more than 
any possible saAring, not only in capital outlay, but also in the 
disturbed peace of mind of the management and men. There 
Avill always be a field of usefulness for compressed air haulages 
in gassy mines and places outside the safe sphere of electricity. 
Fortunately, haulages in such situations are nearly always 
of small size, in fact 25 to 50 h.p. used to be practically the 
maximum for underground working by compressed air. The 
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introduction of electric haulages has made 200 to 500 h.p. sets 
quite common. 

The facility and economy in speed regulation of the conthiu- 
ous current motor is unfortunately discounted by the presence 
of a commutator, and the greater economy in transmission 
of high tension three-phase energy has made three-phase 
haulages more common than continuous current, in spite of 
some of the drawbacks attending its use 

Discredit has been done to electric haulage m some quarters 
by the poor quahty of the work put into both the electrical 
and the mechanical parts. The fact that an electric motor 
will give a much greater torque than a steam or air motor of 
the same rating has not been appreciated as it should have 
been, with the result that many old steam or air haulage sets 
have been converted and fitted uith electric motors too large 
for the gear, which was then found to be too light to stand 
the stram, and suffered excessive wear and tear, if not actual 
breakdown, so that the conversion of old machines has often 
been false economy 

Experience has showm that both the beds and gearing for 
electric haulages must be more heavilj’ constructed than the 
corresponding parts of steam or air driven haulages of 
equivalent nominal power. 

The facihty with which electric haulage sets can be handled, 
and the high torque at low speeds, enables the management 
to use a haulage gear to clear a road after a runauay has 
occurred. Experience has shown that the road is cleared 
considerably quicker if a hook is attached to a tangle of wagons 
and the heap drawn out by the haulage than if it is cleared 
with hammers, chisels and axes, as it had to be before 
powerful electric haulages were available. 

Not only must the motors and gearmg be of robust construc- 
tion, but the controllers must be equally well built. Controllers 
of the tram-car type, or liquid resistance switches, were com- 
monly used. The author has always refused to adopt these types, 
as he has held that the extra cost of the heavier resistances and 
switches was money well spent. Seven years’ experience with 
sets in daily operation has confirmed this opinion. He still 
holds that neither motor, controller, nor gear should have 
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an;j:tliing flimsy aliout it, but everything must be designed on 
unusually liberal lines and thoroughly well fitted, when 
success folloAvs. 

In general arrangement the haulage gear should occupy as 
little space as possible consistent -nith the conditions above 
detailed, with the addition of ready accessibility in the event 
of an accident. The gearing, as mentioned, should be liberally 
designed. Some of the earher makers, especially in the case 
of converted steam sets, preferred to have the haulage gear 
apart from the motor and to drive by ropes More space is 
occupied, a certain amount of shock is taken off the motor 
owing to the flexibility of the ropes, and the motor may be 
of a higher speed. It is now more usual, however, to couple 
the haulage gear direct to the motor. 

OEARINO . — Worm gear, straight spur, and double-helical 
gear have all been used for the purpose. The author has gene- 
rally adopted straight teeth, as he held the opinion that, due 
to the micertainty of the foundations and their liabihty to settle, 
a strain might be put on the gearing which by added friction 
would discount the advantage of the double-helical arrange- 
ment, although he thoroughly appreciates that where everything 
can be kept rigid the more elaborate gear can give excellent 
service. In cases where elimination of back-lash has been 
important he has used, with complete success, two wheels side 
by side keyed on half a tooth out of pitch ; the rolling contact 
is then practically continuous, with the advantage that some side 
motion is permissible. For moderate reductions and low speed 
clean cast machine-moulded gear gives excellent results, and 
the hard skin on the teeth ensures long life, but now that cut 
gearing can be obtained at a moderate cost the matter requires 
further consideration. 

In transmitting rotary motion and power from one shaft to 
another by means of gearing the aim must be to do so at an 
even angular velocity without shocks and without setting up 
vibration. 

It is generally expected that gearing should be highly 
efficient, that it should be economical in first cost, and not be 
subject to undue wear. 

Straight Gear . — ^Not all these conditions are fulfilled by 
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straiglit-cut gears, even when accurately made of true involute 
shape. 

In the engagement of teeth three distinct phases occur — 
the phase of approach when the root of the pinion engages 
with the top of the tooth in the wheel, during which period 
the maximum stress occurs on the wheel teeth, and during 
which period a certain amount of sliding takes place between 
the two engaging surfaces ; the second phase, when the teeth 
engage near and on their pitch line, when the motion is approxi- 
mately a true rolling one ; and the third phase, when the top 
portion of the pinion teeth engages with the lower pinion of 
the wheel teeth, during which period the maximum stresses occur 
on the pinion teeth, and agam a certain amount of sliding takes 
place. 

It will be noticed that when the stresses on the teeth are 
greatest the power is transmitted bj^ portions of the teeth 
between which sliding friction occurs, so that naturally a 
certain amount of wear must take place. Such wear cannot 
take place without to some extent altering the shape of the 
teeth from their true involute form. Uniform angular velocity 
can only be maintained so long as the teeth retain their true 
involute shape ; therefore slight variations of velocity will 
occur as soon as wear has set in, although the variation may 
be very small. It must further be observed that a tooth during 
each engagement is subject to a great variation of strest>es, 
the frequent repetition of which must have an effect on the 
structure of the material, and probably to these frequent 
variations of stresses may be attributed the failures of accu- 
rately cut gearing under their normal w'orking loads, which occur 
without any extraneous causes that could account for such a 
sudden collapse. 

In order to effect transmission by gearing at as nearly as 
possible uniform velocity it is necessary to design the w^heels in 
such a way that the following pinion tooth is in engagement 
before the leading tooth comes out of engagement. With 
fixed diameters of pinion and wheel these conditions can only 
be obtained with a suitable number of teeth in the pinion. 
This condition of continuous contact, therefore, practically 
determines the largest pitch which can be used with gears of 
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fixed diameterte I£ the pitch required for certain working 
conditions does not fulfil this condition, it becomes necessary 
to increase the dimensions of the gear. 

To sum up. the defects inherent to the best type of cut 
spur-gearing are — the continuously varying phases of engage- 
ment combined with continually varying stresses on the teeth, 
and the difficulty in obtaining continuous contact with the 
pitch and diameters most suitable to meet certain requirements. 

These inherent drawbacks of the system make it impossible 
to obtain a reallj' silent straight-out spur-gear ; they cause a 
certain amount of loss m efficiency , limit the velocity up to 
which such gear can be used , and sometimes cause sudden 
breakages on heavy loads, whatever the material used for the 
gears, owing to their deterioration due to varying stresses, and 
necessitate pinions with a minimum number of teeth of about 
twelve, which cannot be reduced if anythmg like a satisfactory 
gear is expected. The limitation of the number of teeth in 
the pmions at the same time restricts the ratios of reduction 
which can be obtained. 

By putting together gears consisting of extremely thin 
laminations in such a way that the first and last lamination are 
stepped half the pitch, and by making the single steps infinite- 
simally small, a hehcal tooth is obtained as the rational develop- 
ment of the stepped tooth to its extreme limit. Such a tooth 
possesses quite a number of interestmg and valuable properties, 
but it also possesses one drawback, viz., that there always is a 
component of the power acting normal to the tangential tooth 
pressure, and exerting a pressure on the tooth in the direction 
of the axis. In order to equalise this side pressure a 
right-hand and left-hand helical tooth of equal width are 
generally used on the same wheel 

Double-helical or herring-bone gears with right-hand and 
left-hand teeth have properties which differ favourably in 
essential points from those of straight-cut gears. Such gearing 
was first suggested by Dr. Hooke, and has been made for many 
years with moulded teeth. 

The difficulty originally experienced with double-hehcal cast 
gear was due to the lack of means for machining it and the 
difficulty in trimming it accurately, in addition, of course, to 
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the high cost of hand trimming. The gear was never obtained 
quite true, so that it had to be run with the apex of the V 
leading. The greater accuracy of machine-cut gear gives more 
reliable contact, but due to the difficulty in timing the point 
of reversal or change of direction of the cutting tool it is 
extremely difficult, if not practically impossible, to ensure 
absolute accuracy in the teeth of double-helical gear. The 
teeth are stiffest at the apex of the V as the one tooth supports 
the other, consequently the wear is concentrated at these points. 
The engagement is fairly true, and the wheels run quietly so 
long as the apex leads ; but if an attempt is made to run the 
gear in the reverse direction these inequalities are apt to be 
very evident, and are exaggerated by any slackness in the 
journals. Machine cutting also enables the dimensions of buch 
gear to be reduced as compared with those of moulded gear. 

The difficulty in machine cutting has now been overcome by 
the Power Plant Co. and other makers, who claim that machine- 
cut gear is now so cheap that the use of moulded gear may be 
compared to the use of rough castings in journals. 

The different phases of engagement which have been 
described for straight teeth do not occur in helical teeth The 
line of engagement can never he right across the tip of the tooth, 
but always runs on a spiral line across the tooth surface, i e., 
different phases of engagement occur on each tooth at any one 
moment. The result is an average engagement, which varies 
very little from engagement on the pitch line, thereby the 
variations of stresses become a minimum and periods of bliding 
and rolling contact do not alternate, but at any moment rolling 
contact on or near the pitch line, as well as a certain amount of 
shding contact on the top and bottom portion, takes place 
simultaneously. 

Without going into the question of the relative absolute 
strength of straight and helical teeth respectively, it can there- 
fore be definitely stated that a tooth of hehcal form of smaller 
pitch will do the same work as a straight tooth of larger pitch, 
because the maximum stress on the hehcal tooth is only about 
equivalent to the mean stress on the straight one. 

The absence of stress variation, and the absence of alter- 
nating shding and rolling contact, cause a marked improvement 
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in efficiency, and prevent any change of angular velocity. 
Such gears run, therefore, silently at the highest velocities. 
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Fio. Dl. — Doiible-lielxcal gear teeth. 

Whilst in straight-cut gearing the amount of wear at the top 
and bottom of the teeth, owing to the sliding friction under 
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which the maximum load has to be taken, may become consi- 
derable, in double-helical teeth, the sliding and rolling contact 
phases being in engagement simultaneously, there wdll be a 
tendency, by the slightest amount of wear on the top and 
bottom portions, to concentrate the load nearer to the pitch 
line where transmission is efifected practically without any 
sliding ; and it has been found in actual practice that after 
extremely slight wear on the portions mentioned — too small 
to be of any practical consequence — the gears will not alter 
any further, and will work without wear, provided that all the 
dimensions are chosen as they should be 

It will be remembered that it has been shown that in straight- 
cut gearing continuity of contact was dependent on the number 
of teeth in the pinion. This is not the case in double-helical 
gears, and it will be apparent from Fig. D1 that there are two 
ways in which it is possible to bring (within certain limit-^) as 
many teeth in simultaneous contact as desired, and thereby to 
distribute the load in the most suitable manner. 

One way to bring a number of teeth in engagement is to 
increase the angle of the helix, the other to increase the 
width of the gear. The first way (A), however, mu'^^t be used 
with extreme caution, and only within certain limits as it has 
a number of distinct drawbacks, one of which is that with 
increasing angle a tendency to wedge action is caused , another 
that, whilst the transmission of load has to be effected at right 
angles to the direction of the tooth, the normal section of the 
tooth becomes weaker as the spiral angle is increased. The 
second way (B), the increase of face width, can, however, be 
carried as far as practical necessities demand. By increasing 
the face width of a double-helical gear, and distributing the 
load over a large number of teeth, it is possible to transmit 
very heavy powers vdth comparatively fine pitched gears, and 
to keep the pinion diameters as small as desired ; in fact, the 
smallest pinion diameter (face width not being liimted) is no 
longer determined by any minimum number of teeth, but only 
by the diameter of shaft required to transmit the given power, 
the pinion pitch diameter may be made so small that the 
diameter of the root circle of the teeth coincides with the shaft 
diameter. Double-helical gears in practice are only limited in 
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ratio of reduction Ly the largest diameter of wheel which can 
be conveniently' accommodated, the desired contact conditions 
being alw ays obtainable by suitably' choosing the pitch and face 
width of the gears. 

The characteristic advantages of double-helical gears are 
therefore : — 

First, teeth practically' under uniform stress, elimmating 
the dangers from stress variations and increasing the power- 
transmitting capacity' of the gears 

Second, teeth under uniform conditions of rolling and 
sliding contact, resulting in a nimimum of wear and maximum 
of efficiency’. 

Tlurd, continuity of contact entirely' independent of the 
number of teeth in the pinion, rendering the highest ratios 
possible in single trains of gears. Silent running without 
shocks and vibration is the result of these three characteristic 
features of double-helical gears combined. 

The above advantages are those theoretically belonging to 
double-hehcal gears. It is obvious, however, that the realisa- 
tion of these advantages depends to a very large extent on the 
process of manufacture, because they' are only obtainable with 
correctly' shaped teeth. 

Two ty'pes of double-helical gear are commercially available 
at the present time . — 

One ty'pe with the right-hand and left-hand teeth joined m 
the centre (Fig. Dl, A). 

Another ty'pe (Fig. Dl. B), with the right-hand and left-hand 
teeth not joined in the centre, but displaced with reference to 
each other by' half the pitch. 

The first ty'pe can at the present time only be produced by 
means of an end-miUing process, which requires milli ng cutters 
of varying diameter at the top and bottom which have to be 
formed to template This process has certain defects which it 
appears hardly possible to eliminate. 

Gears with right-hand and left-hand teeth displaced by 
half the pitch are called Staggered Double-Helical Gears, 
and have become widely known under the name of Wuesf 
gears, the name of the inventor, or of “ P.P. ” gears, the 
trademark of the Power Plant Co., who are the English 
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manufacturers. Such gears can be produced in a variety 
of ways. 

It has been suggested that double-helical gears T\dth staggerec 
teeth are not so strong as end-milled gears with continuous 
teeth. This suggestion is based on the mistaken assumptior 
that strength is an important factor in the calculation oi 
double-helical gears. In practice consideration of weai 
determines the dimensions of high and medium speed gearing 
entirely, and results in tooth proportions with safety factors 
between 10 and 20 ; this is a much higher factor than is usual 
for parts of machinery the dimensions of which can be based on 
calculations. 

On the other hand, staggered teeth are more uniformly 
stressed than continuous teeth, their resistance against bending 
being practically the same over the whole width, whilst con- 
tinuous teeth offer more resistance in the centre than at the 
side, resulting in a concentration of load towards the centre 
portion, which is evidenced by increased wear at that part 
(Fig Dl, C and D). 

Gearing is likely to play a much larger part in the future than 
in the past, not only in mining work, but in rolling mills and 
other heavy work, as well as in the marine service. Great 
strides have been made lately^ in the adaptation of gearing as 
an economical link between a turbine and a screw-propeller. 
Sir Charles Parsons has claimed a loss of power in the new 
double-helical gearing of only 1^ per cent. Such results 
depend not only on accuracy of workmanship, but also on 
lubrication. Any foreign matter in the oil which causes an 
uneven distribution of the pressure may, however, have 
disastrous results. 

Endless Rope Haulage* — In this type a double road is used, 
one track carrying the outgoing, the other the in-bye traffic. 
The rope or chain may be taken either over or under the wagons, 
which are attached to it by a clip or chain, and is kept 
constantly running at from one-and-a-haM to two miles per 
hour. 

The wear and tear at the low speed of travel is very small, 
both as regards wagons and track. In coal min^ it is favoured 

A.B.F. S 
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on account of the decreased dust as compared with systems 
where the wagons are moved at high speeds. 

Another advantage in an endless rope hatdage system is that 
there is a steady and continuous flow of wagons. The power 
required is considerably less than for a main haulage and is 
nearly constant, and on an inchne the weight of the wagons 
cancels out, so only the weight of the mineral has to be 
considered. 

There is, however, some difficulty in working round curves 



Pig. D2. — Double endle'^s rope haulage gear. 


on account of the extra guide pulleys which are then necessary. 
The system is most suitable on straight and fairly level roads, 
as in the event of a down grade the wagons over-run the rope 
unless attached by a friction grip, which is more trouble than 
the usual bent claw which is employed when the rope is over 
the wagons. 

Fig. D2 shows a double pulley haulage gear of the treble 
reduction type suitable for a rope speed of one-and-a-half 
miles per hour, and has two cast-iron pulleys with renewable 
wearing treads, mounted loose on the drum shaft, and operated 
through external band friction clutches of the Uskside Co.’s 
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o^\Ti manufacture. The main gearing is of cast iron with 
double-helical teeth. The second motion wheel is of iron and 
the pinion of steel with plain machine-moulded teeth. The 
first motion gearing has plain machine-cut teeth, cast steel 
wheel, and forged steel pinion. The gear is of heavy design 
throughout, is entirely self-contamed, and carried on a built- 
up rolled steel bed-plate, consisting of plates and angles, 
strengthened with deep cast-iron cill-plates, attached to the sides 
wdth turned bolts. On haulages with frames of this tj^e a 
heavy cast-iron bed-plate is bolted between the frames to 
ensure rigidity. This casting is extended and carries two 
clutch and two brake hand wheels. It will be noticed that one 
of the pulleys is a double one, as an auxiliary rope was required 
to drive a pump. The main pulley is 6 ft diameter, the other 
two are 5 ft diameter. This is the usual t\"pe adopted for 
working two districts , each pulley is separately clutched, and 
the motor runs continuously 

Single-Drum or Main-Rope Haulages are only used to pull a 
load up an incline, which must be at least 2^ in. to 3 in in the 
yard to ensure that the empties will run back by gravity taking 
the rope with them. 

Sometimes several drums for such haulages are worked off 
one main shaft which runs constantly, the drums being con- 
nected to it through friction clutches for hauling and free- 
wheeling on the return journey. The worst objection to this 
arrangement is the sudden strain which is throvm on the rope 
at starting by the almost instantaneous acceleration to full 
speed. Some slip may be allowed by skilled handling 
of the clutch lever, but this only removes the wear and 
tear from one point to another without overcoming the 
objection, hence the arrangement is not convenient for high 
speeds. 

Another method of meeting this disadvantage is to start 
the full trucks down a slight incline, which is also advantageous 
in bringing the empties to rest. 

The usual rope-speed for such haulages is six to eight miles 
per hour, although in the case of large haulages with long 
runs a speed of ten miles or upward.s is attained. 


H 2 
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Double-Drum or Main-and-Tail Haulages are the most 
common, and may be used either as two single or as a main- 
and-tail, in which case the mam rope hauls the load, to which 
the tail rope is attached, it being led round a pulley at the far 
end of the line, and is drawn off the tail drum by the loaded 
wagons. The tail rope is then available for drawing the 
empties back into the workings. 

Fig. 1)3 shows a 100 h p. double reduction haulage, which 
was built by the Uskside Co. to meet special conditions at the 
Femdale Collieries, where the braking was very heavy owing 
to full journeys having to be let down an incline. The drums. 



Pig D3. — 100 h.p. “ XJbk&ide ” double reduction, haulage. 

which run at 36 r.p m., are of the built-up type, 4 ft. diameter 
2 ft. wide, by 1 ft. deep, and have solid cast-iron centres and 
tread, rolled steel-plate cheeks, cast-steel clutch piece, and a 
brake ring on both sides of the drum with renewable curbs. 
To meet the xmusually heavy braking conditions called for, 
this particular haulage was fitted with double post-brakes on 
the drums, also a brake on the first motion shaft. All the 
gearing is of steel, the main gearing having heavy machine- 
moulded plain teeth, the first motion having machine-cut plain 
teeth. The drive is taken from the motor through a flexible 
coupling. The whole of the gear is self-contained and mounted 
on heavy rolled steel bed-plate. The motor is of the semi- 
enelosed type, 2,200 volts, three-phase, 26 cycles, with a 
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synchronous speed of 375 r p.m , and provided with enclosed 
slip-rings. 

Eig. D4 shows a single reduction haulage gear capable of an 
output of 320 h p. with a motor running at 290 r p.m. The 
drums are 4 ft. 6 m. diameter by 2 ft. 6 in. wide, and are built 
up in halves having cast-iron centre boss, cast-steel renewable 
clutch pieces, rolled steel-plate cheeks, and rolled steel-plate 
lagging attached to angle rings and cast-iron brake rings. The 



Pig D-4 — 320 h p single reduction haulage 

drums are mounted loose on the drum shaft and operated 
through separate steel jaw clutches by hand wheels. The 
brake gear is particularly heavy in design, as the haulage was 
used for a rubbish tip, where the amount of braking is consider- 
able. The brakes are of the double post-type operated by a 
foot lever. The haulage is geared through double-heUcal 
machine-cut gearing, single reduction, with a ratio of 8 to 1. 
The gear is of steel. The pinion has mne teeth, and is cut out 
of the solid with the shaft. The gear wheel has seventy-one 
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teeth, 3 -in. pitch, and is 1 1 m. on the face, the angle of the teeth 
being 45^^. The pinion shaft is earned in ring lubricated 
bearings and driven from the motor through a flexible couphng 
of the Uskside Co.’s own type. The gear is self-contained 
and erected on a heavy rolled steel girder bed-plate, all the 
operating levers being brought to a convenient position on 
a cast-iron bed-plate. 

An interesting point arose in the working of this haulage. 



Pia. D5 — Usk&ide ” 25 h p. portable haulage 

Soon after it was started extraordinary vibration at about 
one-third load was noticed, the rope being taken off the top 
of the drum and one drum only being in use. The 
vibration was set up through the whole haulage and was 
sufiicient to throw any loose parts, such as lubricator caps, 
&c., on to the floor. The vibration always commenced at the 
same point, i.e., about one-third load, and as soon as this was 
passed and one-half load reached it gradually ceased. The 
Power Plant Co., who made the gear, claimed that it was no 
fault in the gearing, and suggested that if the rope were taken 
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off the bottom ot the drum the vibration might be »topped. 
This was tried, and the vibration trouble at once disappeared. 
It will be noted on reference to the figure that if the rope is 
taken off the top of the drum the pinion is not running with 
the apex leading, but is running backwards. This is a possible 
disadvantage in double-helical gear, which, of course, frequently 
is made and has to be used for reversing. When it is run 
apex first the wheels tend to pull themselves into position and 
to atone for any slight inequahty or w^ant of adjustment in the 
bearings, but if it is run backwards this self-righting property 
is lost and any want of adjustment in the bearings is 
accentuated. 

Portable Haulage. — Fig. Do shows a haulage of a type 
recently introduced by the Uskside Co. It is very compact 
and handy, and offers special facilities, as it is entirely self- 
contained and has nothing projecting below the bottom angle 
of the framework Such haulages may be very usefully 
employed to collect wagons to make up trains to feed main 
haulages, and may advantageously be used in many places 
where pit ponies are now employed. They are very easily 
transferred from one place to another as required, and call for 
little or no foundation. The single drum is of cast iron keyed 
to its shaft and driven through double-reduction machine-cut 
gearing. In order that the drum may reverse without the 
motor the mam pinion is free to slide on feathers and can be 
disengaged by the clutch handle. The brake gear is of the 
band type, and is operated by a foot lever. The frame is 
entirely of wrought steel, and has an extension to carry the 
motor controller and resistance. Such haulages are arranged 
for a rope speed of about four miles per hour. 

Standardisation. — ^When arranging for the equipment of the 
Femdale Collieries it was decided for the sake of convenience, 
and in order to keep down the number of spare parts, to 
standardise the haulages in three sizes — 200, 100 and 50 h.p. 
respectively. In the case of the 50 h.p. haulages (Fig. D6) 
double-reduction gear was used. In the larger sizes single- 
reduction was generally used (Figs. D7 and D8), although there 







HAULAGE GEARS 


105 


were exceptions, one of which, ij ishown m Eig. above. 
Other sizes were made for special purposes. Leading particu- 
lars of the three standard sizes will be found in Table D2. 

TABLE D2. 


Size of haulage 

Drums (diameter of 

1 

50 h.p 

100 hp 

i 200 h p. 

tread) 

3 ft. : 

4 ft. 

! 4 ft. 

Drums (width of tread) 

10 in. 

2 tt. 

: 2 tt. 

Depth of flange 

10 in 

1 ft. 

1 1 It. 

Dength of rope (yards) 
Weight of lope (lbs. per 

1,250 

1 1,100 

i 1 .500 

1 

i 

yard) 

u 

! *•■>7 

! -t; 

Diameter of rope (inches) 
Clutch (type) . 

1 * 

1 «» 1 4 

Cast steel, positive jaw. 

1 1 


tJearmg . . . . . . i < ’ast steel 


Gearing (teeth) . . 

Machine moulded, double 

feliiouded to 


pitch line 



„ (pitch width) . . 

2 in by 3^ in | 

2 ill by 6 \ in i 

21 in. by 9 in. 

Ratio 

16 to 1 ! 

5 to 1 1 

5 to 1 

Shaft (diameter in 

1 

1 

1 


bearings) 

3? in. 

5-V in 1 

8 in. 

Plummer blocks 

Cast iron with gun metal l>eaiings 

Rope Speed (m.p h ) . , 

4 

6 

6 

Rated b h p. of motor 

50 

100 

200 

Volts 

2,200 

2,200 

2,200 

Prequency 

25 

25 

25 

R p.m, at full load 

485 

182 

182 

Max peripheral speed in 




ft. per sec. 

51 5 

51 2 

56 

Air gap in mms. 

1 5 

1 75 

2 

Efficiency (full load), pei 




cent. 

89 5 

88 5 

90 

Efficiency (half load), pei 




cent. 

87 5 

88 

87 

Power factor (full load) 

0 86 i 

0 88 

0 91 

,, ,, (half load) 

0 74 

0-70 

0 81 

Max. torque in ft. -lbs. . . 

1,034 

5,540 

11,080 

Temperatuie rise after 8 

1 



hours' full load 

0 

o 

70° P. 

70= F. 


The special arrangement of the single reduction motor 
alongside the drums instead of behind them was adopted to 
meet the requirements of the Eemdale management, as if a 
large slow-speed motor were placed behind the drums it pre- 
vented the engine-man seeing his ropes. The drum was there- 
fore placed at the side of the gear and connected to it through 
a flexible coupling which would accommodate any slight 
inequality or settlement in the foundations. This coupling 
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also has another important function, as its introduction 
in a geared haulage set prevents the vibration of the gearing 



being transmitted to the motor. There are several types 
of flexible eouphng ; in the t3rpe adopted for the haulages 
shown the design approximates that of an ordinary claw- 


Fig. D7. — 200 h p. haulage, single reduction, fixed over the road. 
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clutch, with the difference that the claws are faced with heavy 
indiarubber blocks. Each half of the coupling is made in two 
parts, so that it can be removed and replaced vdthout dis- 
mantling the shaft. These couplings have now been in use for 
several years and none of the rubber blocks have required 
renewal. The first motion shaft is sometimes provided with a 
brake, which proves of considerable convenience in handling 
and reversing the motors. The gearing is of cast steel. The 
drums are generally of cast iron with steel cheeks and renewable 
cast-iron brake paths. The brake blocks are also of cast iron 
renewable m segments. This tj^pe of block was adopted to 
avoid the sparking which has occurred vith wooden blocks. 
A wooden block is certainly more effective as a brake than 
an iron one, and if they were made of considerably larger 
area there would be no sparking, which is due to their being 
overloaded. 

The leverage ratio from brake block to foot pedal of one of the 
200 h p. sets is 1 in 114. Assuming the driver to weigh 154 lbs. 
(11 st.), he can produce an effective brake pressure of 14,900 lbs., 
allowing an effioiencj'^ for the brake mechanism of 0 85. This 

IS equivalent to a bralcing force of ^ = 4,500 lbs. 

at the mean drum diameter of 5 ft., with a friction co-efficient 
of O' 25 (steel on cast iron), the diameter of the brake path being 
6 ft. 

Fig. T>7 shows a 200 h p. haulage erected over the road, with 
a minimum clearance of 6 ft. 6 in. so that the loaded wagons 
can pass under it. In such a case heavy steel girders are 
employed, which may be either pinned directly mto the 
brick arching or may be set in wall boxes, which gives greater 
convenience for adjustment. 

Fig. D8 shows the elevations and plan of a similar haulage 
fixed on the ground. A reference to this figure will show several 
important details in addition to those previously mentioned. 
The three hand levers and three foot pedals by which the engine- 
man controls the haulage are all conveniently assembled on 
a cast-iron bed-plate ; the left-hand lever actuates the clutch 
coupling of the left-hand drum, and near it is its corresponding 
foot brake ; the lever in the centre actuates the reversing 
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Fig D9 — Haulage conti oiler. 
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switch and the controller ; the right-hand lever actuates the 
clutch coupling of the right-hand drum, and between it and the 
peda^ for the drum brake may he placed the lever for actuating 
Ihe emergency brake on the first motion shaft. The weight of 
the foot brakes and levers is balanced by counter-weights, 
which are suspended from them by wires. Startmg, reversing, 
and the speed control are all effected by movements of the 
centre lever. Behind the platform is the two-phase, oil 
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Fig. DIO — Diagiam of connections to controllei. 

immersed, reversing switch, and behind it again is the 
controller drum', which is shown with the lid of the box open in 
Fig. D9. This is the first controller of the heavy tj-pe that 
was constructed. 

When going into this question the author was of the opinion 
that neither the tramcar nor the liquid resistance svitch such 
as had been commonly used were good enough for the work, 
and neither t3rpe was likely to give satisfactory results without 
considerable nursing and maintenance, which, unfortunately. 
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IS not often obtainable under operating conditions. He there- 
fore rejected the old types and in connection with Messrs. 
Lahmeyer evolved the type adopted, which they named 
“Patchell’s system.” 

Fig. DIO shows a diagram of connections of the drum, switch, 
and resistances. The oil in the resistance boxes is circulated 
by a pump driven from the motor shaft, and is cooled by passing 
it through a set of gilled radiators, which in some cases are 
water-cooled. A rotary pump was employed, and in the first 
sets no non-return valves were put in the pipes, so that the 
pumps forced the oil in two directions, according to the rotation 
of the motor. This was found to be inconvenient, as in some 
cases the radiators had to be fixed at some distance from the 
haulages, and the result was that the oil practically moved from 
the radiator to the haulage and back without being thoroughly 
circulated. This defect was easily obviated by putting in a 
set of non-return valves, so that the oil was forced in one 
direction only, no matter in which direction the pump was 
driven. The amount of heat developed in a controller 
resistance will be dealt with later. 
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RATING OF HAtTLAGES 

Rating of Haulages. — ^Although in each instance the haulage 
has to be considered in regard to its special work when several 
are required, as at Ferndale and other important groups of 
pits, it is not economical to design each haulage for a particular 
duty ; standard sizes must be adopted. The tendency is 
usually to increase the load on a haulage, so that with a 
series of standard sizes it is safer to adopt the size larger 
than the calculations call for to meet the requirements at the 
moment. 

The mechanics of a haulage are not difficult, but the varying 
conditions in the pit introduce so many variables in practice 
that close calculation is impossible. Although when full 
particulars are available a haulage problem can be worked 
out in the same way in which railway traction problems are 
treated, it hardly pays to go into such detail in practice, as 
the operating conditions in the case of a haulage are con- 
tinually varying. 

The weight of mineral to be handled per hour, or per day, 
can be determined, although this, of course, is never fixed but 
depends on the working ; the number of trips to be run depends 
on the amount of mineral to be cleared. 

The contour of the road and particulars of the curves are 
obtained by survey, but the condition of the road may vary 
from day to day. 

A point which must not be overlooked in Main and Main- 
and-Tail Haulage is that the diameter of the drum increases 
with each layer of rope wound on it during the trip ; conse- 
quently the torque and speed are increasing proportionately. 
For instance, with a 4 ft. diameter drum, having a width of 2 ft. 
and hauling fooift q. distance of 1,500 yards with a rope 1-in. 
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diameter the speed of the rope when the drum makes 33 6 r.p.m. 
will be : — 

At beginning of the trip . . . . 423 ft. per min. 

At end of trip . . . . . . 633 ft. per min. 

This means that on a level road the haulage is doing 60 per cent., 
more work at the end than at the beginning of the trip. In 
practice the mean diameter of the drum, i e., diameter over 
drum and rope half-unwound, is generally taken to determine 
the speed and torque of the motor. 

The position of the curves may also seriously affect the rating 
of the motor. The worst condition will be when a bad curve 
is coincident with the maximum gradient at the end of the 
trip. 

Another variable is the friction of the rope, which may vary 
between vide limits, depending upon the condition of the road 
and as to whether the rope runs on pulleys or is dragged along 
the track. In some cases, as when 2,000 to 3 000 yards of 
rope are employed, the friction is so large as to be more 
important than the weight of the load and the friction of 
-wagons. Then, again, all contingencies, such as derailment of 
trams, as previously mentioned, must be taken into account. 

The above points emphasise the futihty of attempting to fix 
the size of a haulage motor on purely aoademio lines. The only 
rational way to treat the problem is to put in a motor which 
will be large enough for the most onerous conditions of working. 
In other words, the break-down torque of the motor is the 
prime consideration. 

Tractive Resistance. — Some time ago, in spite of the variables, 
the author thought it wnuld be interesting and valuable to 
obtain some readings from actual tests by which existing 
formulae could be checked, and carried out experiments upon 
a 100 h.p. single reduction haulage set -with a drum 5 ft. mean 
diameter. Twelve loaded wagons were taken just as they came 
out of the pit for the purpose of the experiment : — 

Weight of total load . . . . , . 48,400 lbs. 

Weight of 12 wagons empty . . . . 12,300 lbs. 

Useful load . . , . . , . . 36,100 lbs. 
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No. of wheels per wagon. . . . . . 4 

Diameter of wheels on tread . . . . 16 in. 

Diameter of axles . . . . . . 2 in. 

Gauge of track . . . . . . . . 2 ft. 10^ in. 

Width of rail-head . . . . . . 2 in. 


The axle boxes were of the common t^’pe, open at the bottom, 
grease lubricated and fairly loose fittmg. The line was practi- 
cally straight with a gradient of 5° against the load, i.e., 5‘13 in. 
per yard. 

The pull P was obtained by reading a djuiamometer fixed 
between the rope and the first wagon. 

With the load on the gradient at a speed of five-and-a-half 
miles per hour, i.e., 8 2 ft. per second, P = 5,500 lbs. 

P is made up of : — 

p =z weight component due to gravit 3 ’, or W sin 5", 

Pi = tractive resistance. 

Inserting the values, 

p = 48,400 X 0-08716 = 4,219 lbs. 

At such a low speed air resistance maj’’ be neglected, and the 
tractive resistance, i.e , the friction of the bearings in the 
journals, and the friction of the wheels on the rails, is 
Pi = 5,500 — 4,219 = 1,281 lbs. 

From this is obtained the tractive co-efficient X, which is 
always dependent on the component of the weight acting 
vertically on the rails ; — 


1,281 = 48,400 cos 5= X. 
^ _ 1,281 _ 
~ 48,400 cos 5° ~ 


0-0265. 


As the track upon which the trial was run was in better 
condition than usually obtains underground, it was thought 
safer to increase this result slightly and to round it off to O'OS. 

From this can be established the following formula : — 

P = W X 0 03 on a straight horizontal track, 

P = W sin A 4- 0 03 W cos A on a straight gradient, 
where A = angle of inclination of the track to the horizontal. 

For small gradients up to 1 in 20 the value for the cosine may- 
be neglected. 

A.B.P. 


I 
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Ai can be expressed eitker as a co-efficient 0'03 or as 67 lbs. 
per ton. 

The trial was made on a straight track. The rope friction 
was not determined, as the dynamometer was placed between 
the end of the rope and the wagons ; nor were figures obtained 
for curves. 

When these figures were first published and discussed 
(S. Wales Inst. Eng., Vol. XXVI ), one speaker expressed 
surprise at finding the co-efficient so high {ihid., p. 1133), and 
suggested that it was probably due to the weight, nearly two 
tons, being more than is usually carried on a pair of 2-in. axles. 
He stated that in many cases he had laid out roadways on a 
gradient of ^ in. per yard for full wagons and f in. per yard for 
empties, corresponding to co-efficients of 0*016 and 0*02 respec- 
tively, and in each case he found that the wagons moved 
by gravity. On a gradient of % in. per yard, corresponding 
to a eo-effieieut of 0*024, he found that the wagons would 
accelerate and run away immediately they were started 
from rest. The same speaker also regretted that he had 
not been able to get any exact experiments as to the 
co-efficient of friction of a rope, but that he had arrived 
at a figure of 1 in 7, or, say, 0*143 of the weight of the rope 
under the usual conditions obtaining in underground haulage, 
including the friction and momentum of the haulage drum 
running free. 

Motors. — Motors used for mining work should have non- 
hygroscopic insulation, principally of the mica type, and 
be specially impregnated, as, no matter how good the con- 
ditions may appear to be normally, accidents occur and 
the motor room may get flooded. Impregnated water-proof 
motors may now be thoroughly relied upon. Several instances 
have occurred where motors have been actuaUy submerged, 
taken out, dried, and put to work without subsequent ill- 
effects. One of the worst cases on record was in a South 
African mine where motors made by the General Electric Co., 
Schenectady, were under water for two years, but subsequently 
taken out, dried, and put to work without having to be re- 
wound. 
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Rule 4 (5) ot the Special Rules attached to the 1904 Report 
reads : — 

“ In any place or part of a mine where General Rule No. 8 
of the Coal Mines Regulation Act, 1887, applies, all motors, 
unless placed in such rooms as are separately ventilated with 
intake air, shall have all their current-carrying parts, also 
their starters, terminals, and connections completely enclosed 
in flame-tight enclosures, made of uninflammable material, 
and of sufficient strength as not to he liable to be damaged 
should an explosion of fire-damp occur in the interior, and such 
enclosures shall not be opened except by an authorised person, 
and then only when the current is switched off. The pressure 
shall not be switched on while the enclosures are open.’’ 

This rule has been considerably debated and sometimes 
misunderstood. Attempts have been made to make a gas- 
tight motor ; such a thing is, however, practically impossible, 
due to the breathing or expansion of the air in the motor 
frame which must naturally occur and which must be allowed 
for. A void always occurs along the journals, but it has been 
considered better in practice and found more reliable to admit 
of the expansion by making the motor “ flame-tight ’’ rather 
than to attempt to make it “ gas-tight.’’ Various devices 
have been used, perhaps the best of which is the “* plate 
protection,” which consists of a series of thin plates arranged 
as gills through which the motor may breathe. This protection 
was developed in the course of some experiments in Germanj’ 
which were started in 1903. In the following year further 
experiments were tried on various types of so-called flre-proof 
motors. Totally enclosed motors were tested, as also motors 
ventilated with gauze over the openings, labyrinth ventilation, 
tube ventilation, plate protection, and also oil-immersed 
motors. 

“ Plate protection ” applied to a squirrel-cage motor was 
tested in December, 1906, at the Government station at 
Frameries, in Belgium. By the corudiesy of the Lahmeyer Co., 
who made the motor, the author communicated an account 
of the tests to the Institution of Mining Engineers (Trans. Vol, 
XXXVH., p. 489), in the following terms : — 

The tests were carried out on 24th December, 1906, under 

I 2 
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the direction of Mr. V. Watteyne, Royal General Inspector of 
Mines ; Mr. Stassart, Chief Inspector of Mines of the Belgian 
Corps des Mines ; a branch of the Belgian Ministere de 
r Industrie et du Travail ; and Mr. Demuer, Chief Engineer of 
the Carbonnage du Bois du Luc, at which mines the motor 
was to be installed. 

“ The testing room in which the motor was installed was 
fiUed with fire-damp in the mixture of 6, 8, and at last 10 
per cent, of fire-damp to 94, 92, and 90 per cent, of air, to 
ascertain whether the motor was able to fulfil the conditions 
of the contract. 

“ In the interior of the motor electric sparks were caused by 
means of a spark-gap connected to an induction coil of the 
Rhumkorff type, and in this way the gas inside the motor 
ignited. 

“ The fire did not at any one of the tests penetrate the 
covering of the motor, and the fumes were at all times suffi- 
ciently chilled so as not to ignite the surrounding gases. 

“ After this test had given good results, six pieces of gun- 
cotton were placed in the motor, and ignited by means of 
electric sparks. This explosion also did not penetrate the motor 
covering, and the series of tests were then closed ; and it was 
allowed by the ofi&oials to install the motor in the mine in a 
place where there is constant danger of fiLre-damp explosions.” 

In the author’s opinion a motor of such a type is far safer 
than an absolutely enclosed so-called gas-tight motor. 

Explosion-proof motors are those in which an explosion 
outside cannot injure the motor and an explosion of gas inside 
the motor caimot injure the casing and so set fire to gas outside 
the motor. Many experiments both at home and abroad have 
been made in this direction with quite satisfactory results. 
Among the earliest were those conducted by Mr. W. E. 
Garforth, which are recorded in Appendix I. of the Report of 
the 1904 Departmental Committee. Cd. 1916. 

In some quarters totally enclosed motors are objected to, 
as they are said to get very dirty. If a motor works under 
such conditions that the changes of temperature are very 
wide and the volume of air inside the motor casing is consider 
able, there must necessarily be considerable breathiag, and if 
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such a motor is working in a dirty atmosphere dirt may get 
carried through into the motor. The only cure for this is to 
filter the air as far as possible or select a motor with a small 
temperature range. There are a large number of totally 
enclosed motors which have been working several years and 
with which no trouble whatever in this direction has been 
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Fig. El. — Cuives of efficiency and power-factor for haulage motors with 

different torques. 

experienced, and the motors when opened are now as clean 
as when they were started. 

The output of a motor is limited by two important 
considerations : — 

(a) torque, and 
(&) heating. 

(a) From the point of view of the torque the maximum 
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gradient is the deciding factor. The worst condition likely to 
obtain is when starting the load on a curve on the maximum 
gradient. This condition has to be covered, but can generally 
be rendered mnocuous by care in handhng the haulage ; 
consequently, except under very special conditions, the 
maximum torque rating may be based on the conditions of 
full speed when running on the maximum gradient. 

In a three-phase motor the maximum torque and the power- 
factor are intimately related, i.e., the higher the breakdown 
torque of a motor the lower the power-factor : see Fig. Ei, 

The standard three-phase traction motor can develop a 
breakdown torque of twice the normal full load torque, and in 
this case a high power-factor is obtained. Hence, purely from 
the point of view of torque, the normal full load output of the 
motor may be determined from the expression 

Qmax. X iw 
2 ’ 

where Q = torque, 

cu = angular velocity in radians, or 2 ir n, 

(6) As regards heating, this depends approximately upon the 
Root Mean Square torque of the motor. Not only is the process 
of arriving at an accurate figure for the Root Mean Square 
torque a laborious one, as the pull of the rope at the various 
positions along the road has to be calculated and the torque 
computed therefrom, but even if such a figure has been deter- 
mined another diflSculty arises in having to solve the problem 
of the intermittency of the motor, as the frequent starting and 
stopping and the periods of reduced speed-running will defy any 
determination of heating by the Root Mean Square torque 
rule. 

Some authors have tried to express the intermittency of a 
motor in terms of the load-factor. This theory is applicable 
with a reasonable degree of accuracy to crane motors and 
other classes of motors, where the load conditions and cycle of 
operations are fairly constant. There is no reason why this 
rule should not be applied to haulages, providing the estima- 
tion of the load-factor is based on the worst conditions. 
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The load-factor '■/ ” is determined from the expression 


f = 

•' h + t2’ 

where ti = running time 

t 2 = resting time. 

Most manufacturers, however, design their motors for three 
different ratings : — 

(1) Continuous rating ; 

(2) Two-hour rating ; 

(3) One-hour rating. 


It may be pointed out that a two-hour rating for motors 
such as are used for haulages practically corresponds to a 
50 per cent, load-factor. Any load-factor below this would 
be considered as being covered by the one-hour rating. 

Although, as before mentioned, it is useless to go to the refine- 
ment of calculating the Root Mean Square torque, it is easier 
to calculate the mean output of the motor based on the average 
gradient, and thus ascertain how far this mean output differs 

from the output obtained from the expression — ^ In 


some extreme cases it may lead to an increase or decrease in 
the denominator of this expression. It is not economical to 
decrease the denominator much below 2, because, although a 
better power-factor is obtained, the machine becomes larger 
and the efficiency suffers. 

Speed . — As regards the speed of motors, a slow-speed machine 
is preferable for haulage work on account of its greater capacity 
for heat storage. On the other hand, its cooling effect at 
full speed is less than that of the high-speed machine, but 


the ratio 


cooling at standstill 
cooling at full speed 


is more favourable. 


An enclosed motor has a greater capacity for heat storage 


than an open type mac hin e, but its cooling effect, which is 


very poor, again results in a high ratio for 


cooling at standstill. 
cooling at full speed. 


Haulage Calculations. — ^To fix th^e ideas it is helpful to 
consider a typical example of a main-and-tail haulage and an 
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endless-rope haulage designed for the same duty. Suppose 
the manager of the mine has supplied the particulars as to the 
quantity of mineral to be hauled per diem, the number of trips 
proposed to be run to handle that amount, which will depend, 
among other things, on the size of the wagons and the accommo- 
dation at the shaft bottom, the contour of the road, disclosing 
whether the gradients are with or against the load, whether the 
road is straight or has bad curves upon it, and the position of 
the curves as follows : — 


I. Main-and-Tail. — ^Particulars of Road and Load. 


Contour of Road. 

Gauge of track 

2 ft. lOJ in. 

Length 150 yards . . 

6 in. per yard against load 

,, 50 ,, 

O 

33 93 

„ 200 „ 

4 

^ 33 33 33 39 

» 100 „ 

flat 

„ 200 „ 

4 in. per yard against load 

„ 100 „ 

0 ,5 J, ,, ,J 

., 700 „ 

Q 

33 3 3 33 93 

Total 1,500 ,, 

Maximum gradient 

1 in 6 

Average 

1 in 10 approximately. 


There are two 30-ft. curves in the track, which do not fall on 
a bad gradient. 


Load. 

Blax. mineral to be hauled . . 360 tons per shift of 8 hours. 

Load per single trip . . . . 20 tons. 

Length of trip . . . . 1,500 yards. 

300 

Hence number of trips = 18. 

Average speed six miles an hour = 528 ft. per min., based 
on mean diam. of drum. 

1 500 X 3 

Time per single trip — — = 8^ minutes, or, say, 

9 minutes, allowing for starting and stopping. 
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Allowing for changing at each end will bring the time taken 
per double journey, or round trip, to, say, 24 minutes ; this 
gives twenty round trips per shift, or 400 tons hauled, as a 
maximum, as compared with 360 tons as per requirements. 

The maximum torque the motor will be called upon to 
develop can then be found. 

The worst gradient is 1 in 6, and it is there that the maximum 
torque will be exerted. Speed at this gradient is 528 ft. per 
minute. 

If 

G = pull due to gravity efFect of load, 
f^Fj = pull due to friction of load, 0‘03 found by test 
F'j mentioned above, 

If, = pull due to friction of rope, OTO, i.e., is taken 
1-lOth of its weight. 

Then total rope pull on a straight track 
P = G + F. 

On a curved track F is generally increased by 20 — 30 per 
cent. ; the total rope pull then becomes 
P = G + 1-3F. 

The gravity effect of the rope is negligible, as the main rope 
balances the tail rope. 

Applying this formula to the case in hand : — 


Mineral per wagon 
Weight of wagon . . 

No. of wagons per trip 
Weight of 14 loaded w'agons 
Weight of rope 1 in. diam. (2 x 1,500 yds.) 

(3J^ in. ciroumf. at lbs. per fathom. 
Breaking load 33 tons, factor of safety 5 — 6). 

Hence 

_ 62,720 
6 


1‘5 tons, about 
0‘5 ton 
14, say 
62,720 lbs. 
14,650 lbs. 


G = 


= 10,453 lbs. 


|Fj = 62,720 X 0*03 = 1,8821 
If,. = 14,650 X 0-10 = 1,4651 
0-3 F for curves 3,347 X 0-3 


3,347 lbs. 
1,000 lbs. 


P 


= 14,800 lbs. 
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Consequently the motor must be capable of exerting a torque 
equivalent to a rope pull of 14,800 lbs , or, say, 6^ tonsA 

Allowing an efficiency of 80 per cent, for single reduction 
cast-steel, machine-moulded gearing increases the pull to 
18,500 lbs. 

Output of motor — 33 ' 000 “ 


So that the maximum full-speed torque the motor will be 
called upon to exert is in torque equivalent to 296 h.p., or, say, 
300 h.p. 

As pointed out this is the top load for the motor, and 
it would be wrong to specify a motor designed to develop this 
torque continuously at normal full load, as it is only required 
for, say, one minute in twenty-four, or eighteen minutes in 


eight hours. According to the expression ^ ^ , the out- 
put of the motor would be ^-P 


Now, consider what the average load is on the motor during 
the loaded and unloaded journeys. The mean gradient is 
1 in 10, hence w'hen hauling coal 

G = 6,272 lbs. 

1-3 F = 4,347 lbs. 

Pull on rope, P, = 10,619 lbs. 

xAUowing for gearing (80 per cent.) = 13,300 lbs. 

Output of motor — 33 OOO ~ 213 h.p. 

When hauling empties in-bye the wagons will run back by 
gravity, and the work done by the motor is to overcome the 
friction of the rope. 


An easy formula for ascertaining the pull iu the rope when the 
horse-power exerted by the haulage is known is 


5,260 X HP X 9 , 
rycN 

Where 17 = the efficiency of the drum and gearing, 

N = i p.m. of drum, 

r = mean radius of drum (over the rope half wound on). 
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Hence 

1-3 F = 1-3 X 14,650 X O'lO = 1,905 lbs. 

Allowing for gearing (80 percent ) = 2,380 lbs. 

Output of motor = "33 qqq = 38 h.p. 

The R.M S. h.p. corresponding to the complete double trip = 
= 153 h.p., or, say, 150 h.p. 

Load-factor =67^ per cent. 

Consequently the specification wfil call for a motor with an 
output of 150 h.p., and a breakdown torque = 2 X normal, 
and with a temperature rise based on a load-factor of 67 J per 
cent., which means practically a continuously-rated motor. 


II. Endless Rope Haulage. — Contour of road as before, 
output as before, 360 tons per shift of eight hours to be handled 
on a double track, but in this case at a speed of, say, two miles 
an hour = 176 ft. per minute. 

The load being distributed over the whole length of the road, 
it will be quite safe to base the output of the motor on the 
mean gradient 1 in 10 . 

Wagons per hr. = = 4o, or ^ = IJ mm per wagon. 


Average distance between wagons as the rope travels 176 ft. 

per minute = 176 X 1 J = 235 ft. 

,, , £ length of road 1,500 X 3 

Number of wagons = r = - 

° distance between wagons 235 

= 19. 

19 X 2 38 

Workmg load on rope = — io~ ~ XO ~ ^ ® tons, saj’-, 

4 tons total, with shackles, &c. 

Size of rope, §• in. dia. ; weight (7‘7o lbs. per fathom) = 
7-75 X 1,500 X 2 


2 


11,600 lbs. 


(Breaking load 24 tons, factor of safety 5 to 6 .) 

Let G^ = weight component of loaded wagons ; G^ = weight 
component of empty wagons. 
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r. ^ _ (38 - 9-5) 2,240 _ 

Kzki — Jo — 

Let Fj = puU due to friction of loaded 
wagons ; F,, = pull due to friction of empty 
wagons. 

(Fj = 38 X 2,240 X ‘03 = 2,550 1 
F =-;F, = 9-5 X 2,240 X -03 = 6401 = 
iF^= 11,600 X OTO = 1,160J 
0’3 F for curves 


6,380 lbs. 


4,350 lbs. 
1,305 lbs. 


Total rope pull P = 12,036 lbs. 

Allowing for gearing, double reduction, 
steel machine moulded, 72 per cent, 
efficiency . . . . - . . . . . 16,750 lbs. 

r\ ± j. c i 16,750 X 176 on K i. 

Output of motor = gg - = 89*5 h.p. 

or to choose a standard size, say, 90 h p. 

The maximum torque question would take care of itself, 
and as regards starting the load, this is also fully covered by 
the twice normal full-load torque, rmless extra rapid accelera- 
tion is called for, which is unusual on an endless-rope haulage. 
Hence the specification would call for a motor for a normal 
continuous output of 90 b.h.p. 

The above example shows that an endless rope haulage of 
this size would perform the same work as the 150 b.h.p. 
main-and-tail haulage ; consequently the endless -rope type has 
a considerable advantage as regards first cost. 

The mode of working of the main-and-tail and endless-rope 
haulages, as has been seen, is totally different. The first gives 
rise to a very fluctuating load, whereas on a system where the 
latter is installed the load is fairly even. 

Let us consider which of the two is the more economical in 
actual working : — 


Commercial Efficiency. — ^The Main-and-Tail Motor efficiency 
will be in the neighbourhood of, say, 85 per cent, during the 
time it is hauling a load and 76 per cent, during the time it is 
returning the empties. 
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Energy taken per shift : — 


When hauling mineral 
,, ,, empties 


153 X 746 X 8-5 X 18 X 100 
1,000 X 60 X 85 
38 X 746 X 8-5 X 18 X 100 
1,000 X 60 X 75 


=343 


= 96 


Total .. .. 439B.T.U. 


This is neglecting the extra power used at starting, as it is 
partly set-off by less current required when stopping. 

The E aidless- Mope Motor efficiency will be about 88 per eent. 


Energy per shift 


89-5 X 746 X 8 X 100 
1,000 X 88 


= 607 B.T.U. 


Capital Cost. 

Main-and-tail haulage, erected complete, 

excluding rope . . . , . . . . £2,500 

Endless-rope haulage, ditto, ditto . . £1,200 


Munning Cost. 

„ . j . 1 u 1 439 B.T U. X Id. 

Main-and-tail haulage, t- 

® 360 tons per diem 

15 per cent, interest and depreciation, 

2,500 X 240 X 15 

360 X 300 X 100 


l-22d.per ton. 


0'83i?.perton. 


Total cost per ton of coal hauled, exclusive of 

labour =2 05d per ton 


„ , , 607 B.T.U. X Id. , , , 

Endless-rope haulage, = l‘68a.per ton. 

^ ® 360 tons per diem ^ 

15 per cent, interest and depreciation. 


1,200 X 2,400 X 15 _ 
360 X 300 X 100 “ 


•40(Z.per ton. 


Total cost per ton of coal hauled, exclusive of 

labour =2-08d.pertou. 


It will be noted that the price per unit of electricity has been 
taken at Id. It is only fair to say that this comparison is 
slightly unfavourable to the endless-rope haulage, as with the 
tariffs usually quoted, an endless-rope haulage, owing to its 
steadier demand, would be able to obtain electricity at a 
cheaper rate than a main and tail. 
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known, and from the follow mg formula coimecting mass M 
with velocity V, pull P and time t : — 

M X V = P X t 
p _ M X V 


For the present case assume that on normal w'ork time 
i = 20 seconds for starting up, then useful work = 200 X 20 
= 4,000 h.p. seconds. 

Now, as is well known, w-hen speeding up a three-phase 
motor of the slip-ring type, the loss in the resistance equals 
the useful work, hence the losses will also equal 4,000 h p. 
seconds. This expressed in heat units = 


4,000 X 650 
778 


2,840 B T.U., or 717 calories. 


This heat has to be dissipated, say, by oil-immersed, water- 
cooled resistances. Supposing a case without water cooling, 
then the following conditions obtain : — 


Pit temperature 
Max. oil temperature . 
Specific heat of oil 
„ gravity 
Oil in circulation 


6.3* F 

. . . 156' F 

0‘5 
0 9 

123 gallons say 1 . 1 1 0 lbs 


To raise the oil to 156^ F. requires 1,110 x o x 93 = 
51,600 B.T.U. ; which is equivalent to =18, say, 

startings up. 

This, however, does not allow for working at reduced speed, 
which often occurs for considerable periods, not onlj’ when 
starting, but also during the trip ; consequently, unless a 
much larger quantity of oil is provided, recourse must be had 
to artificial cooling. 

The final temperature of the oil of 156" F. quoted above 
is quite permissible for underground wmrking, provided it is 
not exceeded. 


In the haulages at Femdale the oil is drawn ofE from the top 
of the resistance cases and forced through cooling elements by 
means of a small pump which is driven from the drum shaft, as 
previously mentioned. 

The temperature rise of two similar 200 h.p. equipments 
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operating under difiEerent conditions was investigated some 
time ago and is shown in Table E 1 . 

The upper part of the Table shows the work done by each 
haulage set during the two shifts making a twenty-four hour 
day’s work. The lower part shows the temperature attained 
by the motors and oil-immersed resistances respectively. In 
the case of the motors the maximum reading is given, while the 
temperature of the oil is given at four stated times during the 
twenty-fotu: hoxirs. 

In No. 4 set the oil temperature varied very little during the 
day, as the amount of work done at reduced speed was very 
small and the roads were in good condition. 

In No. 1 set the oil temperature varied during the day shift, 
between 7 am. and 4.30 p.m., from 140° to 167° F. This 
could have been greatly diminished if less running with the 
resistance in the rotor circuit had been possible, which at the 
time was not practicable owing to the bad condition of the 
road not permitting full speed to be run with safety. The 
higher temperature on this resistance during the night was 
owing to the large amount of shunting in connection with repair 
work, including the transport of timber and materials in-bye. 

TABLE El. 


Particulars of Trips rux dubikg an Ordinary Day’s Woekino 
(Twenty-four Hours) of Two 200 h.p. 2,200 volt Haulage Sets. 


Haulage 

No. 

Shift 

Particulars of Trips. 

No of Wagons 

No 

Tune in Minutes 
Full. 

Time m Minutes 

1 Empty. 

Coal. 

Rubbish 

4 .. 

day 

22 

1 

, 5 

■ 2 

233 tons 


1 

night 

5 

1 5 

1 

1 2 

54 tons 


Total 

* • 

27 

1 135 

1 

1 

1 

1 54 

287 tons 

— 

1 

day 

21 

7i 

li 

192 

3 


night 

4 

7i i 

li 

4 

45 

Total 

• • 

25 

i 157 

1 

1 

I 37 

1 

196 

48 


Day shift from 7 a.m. till 4.30 p m. 
Night „ „ 7 p.m. „ 4.30 a.m. 
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Temperature attained due to above Working. 


Part of Motor Equipment 

Teiiiperatui e 

Rem^iilvs 

No 4 

No 1. 

2Iotor after day'^s wotJc— 
Rotor winding . . 

,, core 

Stator winding . . 

,, core 

Slip rings . 

^ at 7 p.m. 

Resistance | tso^p.m 

\ at 7 p.m. 

72° P. 

77° F. 

77° F. 

81° P 

75° P. 
122° P 

119° P. 
140° P 

120° F. 

73° P. 

79° F. 

82° F. 

88° P. 

86= P 

122° F 

113° P. 
154° F 

127= P 

Tempeiature of 
pit >teadv 
at 63^ F. 


Anxiety has been felt in some quarters as to the advisability 
of taking oil into a coal pit or using oil-imniersed transformers 
near the top of a do\ra-cast shaft. Oil may be used to put a 
fire out, but, on the other hand, if the oil is heated it will 
readily ignite and then prove dangerous It is therefor ? 
advisable to control the temperature of large bodies of oil. 
Contact thermometers may be arranged to ring bells and raise 
an alarm should the temperature rise to a predetermined 
point, but such thermometers are delicate and readily deranged 
The author persuaded the Pearson Fire Alarm Co. to take 
the matter up, with the result that they have adapted their 
alarm for immersion in oil, and have turned out a strong and 
serviceable instrument. 

In connection with transformer or switch oil having a 
flash-point of 300'^ — 350°-F. such alarms may be used which are 
calibrated from lOO*^ — 200° F. The exact point at which the 
contact is made can be readily adjusted, and the instrument 
provides a sure and ready check on the temperature of the oil 
with an ample factor of safety. 

Sarid Filling for Resistances . — ^For many years past Messrs. 
Siemens have used sand for filling iron tubes containing wire 
coil resistances, and have turned out strong and quite satis- 
factory resistances on these lines. The circulation that is 
obtained in oil-filled resistances is of course absent, but there 
is no reason why this method should not be used on a larger 
A.E.P. K 
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scale. It must necessarily be more bulky, as the units must 
be relatively smaller to permit adeq^uate radiation, as the 
conductivity of sand is somewhat low, but the resultant 
resistances would be much stronger, and more capable of with- 
standing rough work, than an oil-filled type. 

Locomotives. — ^The question of haulage by electric loco- 
motives is at the present time mteresting in view of the legis- 
lation on the question. Lender the 1904 Special Rules electric 
haulage by locomotives on the trolley wire system was only 
prohibited in any place or part of a mine where General Rule 
No. 8 of the Coal IVIines Regulation Act, 1887, applied, and in 
such a place, if storage battery locomotives were used, the Rules 
applying to motors in such places were deemed to apply to the 
boxes containing the cells. Those Rules have now been super- 
seded by the new code, in which No. 19a states : “ Haulage by 
electric locomotives on the overhead trolley wire system is pro- 
hibited in any part of a coal mine.” No. 196 states : “ Haulage 
by electric locomotives on the overhead trolley wire system may 
be used in mines other than coal mines, and haulage by storage 
battery locomotives may be used in any mine with the consent 
in writing first obtained of the Secretary of State in all cases 
and subject to such conditions affecting safety as may be pre- 
scribed by him.” 

Until the 1st July, 1912, “mine,” as already mentioned, 
included every shaft in the course of being sunk, and every level 
and inclined plane in the course of being driven, and all the 
shafts, levels, planes, works, tramways, and sidings, both below 
ground and above ground, in and adjacent to and belonging to 
the mine. The new Act, which came into operation on the 
first day of July, 1912, in clause 122 describes “ mine ” in 
exactly similar terms, to which, however, the following words 
are added : “ but does not include any part of such premises 
on which any manufacturing process is carried on other than a 
process ancillary to the getting, dressing, or preparation for 
sale of minerals.” The question is therefore likely to arise 
in the early future, when is a mine not a mine for the purpose of 
an electric locomotive ? 

On the Continent a large number of electric locomotives on 
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the overhead trolley system are used, and have been found to 
be extremely convenient. The author has been taken about 
three miles in-bye behind such a locomotive, and when sitting 
in the bottom of a tub he had occasionally to duck his head 
to prevent contact with the trolley wire, in spite of which he 
was informed that accidents due to the use of the sj’stem were 
exceedingly rare. It, however, is not such an arrangement as 
could be generally recommended. 

A useful description of a 220 volt continuous current over- 
head system at the Shamrock I. and II. Collieries, Herne, 
Westphalia, appears in VoL XXXIX., Trans. Inst. Min. Eng. 
In these pits the wires are fixed at a minimum height of 6 ft. 
above the rails and carried on insulators fixed about 20 ft. 
apart. Each locomotive is provided with two compound wound 
motors each having a normal 11‘8 and maximum 17 7 h p , so 
that each locomotive has a normal rating of, say, 23 5 and 
maximum 35’5 h p. The motors are wound for 220 volts 
and run at 500 r p.m., driving the wheels through 5*33 to 1 
gearing. The weight of the locomotive is 11 000 lbs and the 
tractive force normally 570 lbs., with a maximum of 1,940 lbs. 
The wheel base is 52 in , and the diameter of the wheeK 26| in. 
With the normal 500 r.p m , the locomotives run at eight miles 
per hour. Six locomotives are in constant use and two others 
are held in reserve. The plant deals with 1,920 wagons of 
coal in seven-and-a-half hours, which is equivalent to an output 
of 2,116 tons per diem. 

The length of haulage road at present equipped is about 
four miles and longest single run about one-and-a-half miles. 
The gauge of the rails is 24 in. and the weight of the rails 
which have been found rather light, is 30 lbs. per yard, sc 
they are being replaced by a heavier section weighing 36 lbs. per 
yard. Steel sleepers are used which are placed about one yard 
apart, and to which the rails are attached by clips and bolts. 
The maximum radius of the curves is 32 J ft. The average 
gradient of the road is about 1 in 450, and is in favour of 
the load. This small gradient is favourable to the locomotive^, 
and is said in some measure to account for their success ; in 
certain cases, however, the full load is drawn up a gradient of 
as much as 1 in 80. 


K 2 
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The coits of the plant are given for a month representing 
twenty-six working days of sixteen hours each, during which 
15,725 B.T.U. were used and which are charged at 0'36d. per 
unit. Interest on capital at 4 per cent, and renewal of plant at 
4 per cent, is included in the costs. 





Cost per English 

1 

lon-kilometres 

Ton-miles 

Toii-niile. 

Pence 

1 

Coal, stoue, &c 

88,579 84 

55,008 

1 38 

Coal 

72,464 64 

45,000 

1 69 


— 

Metuc Tons. 

Co-^t per Ton 

Cobt pel Engli*»h 
Ton 

Total coal output 

54,010 65 

1 39^?. 

1 I2d 

Total tons earned 

68,308-25 

f 

llOr? 

l-42d 


It is stated that the appointment of a competent person, 
whose sole duty it was to superintend and regulate the traffic 
of the locomotives, was, to a great extent, the means of raising 
the ton-miles worked by each locomotive from about 111 to 
151 per shift. 

In England the use of electric locomotives for mining work 
is not so common. So far as the author is aware, there are none 
under ground and not many on the surface. One of the most 
complete equipments is that of the Harton Colliery Co., who, 
accordmg to the description in the Iron and Coal Trades 
Review, 2nd December, 1910, were operating six locomotives. 
The complete equipment was supplied by Messrs. Siemens 
Brothers’ Dynamo Works ; three of the locomotives are of 
100 h.p. nominal rating, two of 200 h.p. — ^these being four-motor 
machines — ^and the sixth is of 260 h.p. This latter locomotive, 
which has a weight of 25* 85 tons, is equipped with two motors 
each of 130 h.p. on one-hour rating. Each motor is suspended 
in the usual way and coupled to the driving axle by single 
reduction gearing with a ratio of 6 J to 1. The tractive effort, 
therefore, due to the whole locomotive is four tons. The 
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locomotive has a 9 ft. lOJ in. wheel base, and an overall length 
of 20 ft. 3 in. The contact with the ooO-volt overhead wire is 
made by Messrs. Siemens’ bow collector, which is mounted on 
the roof of the driver’s compartment in the centre of the 
locomotive. 

Current for this locomotive equipment is supplied from a 
special sub-station containing one 200 k.w. motor generator 
and one 350 k.W'. Siemens’ Rotary Converter, which is capable 
of giving an overload of 25 per cent, for six hours and 50 per 
cent, for half an hour. It has been found in practice that the 
single rotary converter has sufficient capacity for the whole of 
the work performed by the six locomotives. Figures taken 
over a week show the energy consumption per gross ton-mile 
and per ton-mile of coal : — 

Gross Ton-iniles Coal Transported Ton-iniles of Coal. 
54,682 18,200 tons 17,089 

Average consumption per ton-mile, 

gross = 74 watt hour& 

Average consumption per ton-mile of 

coal =236 .. 

Average distance a ton of coal has 

been carried = O' 93 miles 

The consumption includes the energy required tor hauhng 
the empties back to the pit The operation of these loco- 
motives has been so satisfactory that for an extension to the 
colliery a further eight miles of overhead line have been 
equipped and two locomotives weighing in all about 40 tons 
and provided with four 70 h.p. 550-volt motors have been 
ordered. 

Accumulator Locomotives. — Little has been done in this 
direction at present, but it is not at all unlikely that a good deal 
more may be heard of it in the future, as the system would 
afford much greater security and simplicity for yards than 
obtains under either overhead wire or third rail construction. 
In Messrs. Sulzer’s works at Winterthur, Accumulator Loco- 
motives are used for handling railway trucks and also the small 
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trucks which transport partb of machines from one shop to 
another in the w'orks The wear and tear is very small, and the 
system has given absolute satisfaction. In some cases the 
locomotives are built as such and haul the load behind them in 
the usual w’ay. In other ca:es they are built as flat trucks 
with the batteries and motors underneath, and upon the fiat 
tops of the trucks, which are quite free from obstruction of 
any land, loads of any dimensions can be placed The driver 
stands on a step at the back of the truck 
The following approximate working costs for mine rail- 
ways including interest, capital, wages, maintenance, cost of 
current and material are given by the A E. G. Co. of Berlin, 
who have supphed about 1,000 locomotives for mines 
Working costs tor con- 
tinuous current loco- 
motives with over- 
head contact hne . . 0 5 to O'OSd. per ton-mile. 
Working costs for accumu- 
lator locomotives .. lOtoPlotf. „ „ „ 
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WINDING ENGINES 

The work of a Winding Engine is to raise the loads of 
mineral, &c , to the shaft top or “bank,” as it is called. The 
capacity of the "winder is primarily determined bj’ the tons of 
mineral to be raised and the depth of the shaft. 

At collieries the wagons of coal are run into the cage b\’ the 
“ hitcher ” at the shaft bottom, and are pushed out of it by 
the “ banksman ” at the shaft top. A cage may have several 
decks, as many as six being employed ; the simplest form has 
only one deck, upon which one wagon, or two in tandem, may 
be loaded. Where ore is handled the place of the cage is taken 
by a skip, into which the ore is shot at the bottom of the shaft 
and from which it is discharged into a hopper or wagons at the 
top. 

Cage Loads. — In winding a certain quantity' of mineral a 
fixed amount of w^ork has to be done irrespective of the rate 
at which the mineral is wound. The work done is generally 
expressed as shaft horse-power seconds. 

\Y X 8 

Shaft horse-power = y ^ , 

where W^ is the weight of the mineral per wind, 

8 „ depth of the shaft, and 

T „ time in seconds per wind. 

This expression is a basis of comparison for winders. 

The mineral can be raised by : — 

(а) Frequent winds with a small amount of mineral per 

wind ; or 

(б) Few winds with a heavy load per wind. 

A compromise has to be found between these two conditions. 
It wiU be seen that the advantage of winding a large quantity 
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of mineral at one time is that less time will be taken in 
banking. 

Mr. Livingstone {Electrician, Mining Issue, 10th June, 1908, 
p. 32) has given a schedule stating the time used for banking, 
winch is given in Table Fl. 

TABLE Fl. 


Time for Ch*ingmg, in Seconds 


No of Level's nt I 
wliiLh Trucks aie f 

’ I 


1 

2 

3 .. 


One Truck ijer Deck j Two Trucks per Deck. 


Siiiglp- 
k Lagc 

1 

1 Tv\ 0 -rl^*ck 
Cage 

Three-deek 

Cage 

Single- 
deck Cage 

Tuo-deck 

Cage 

Three-deck 

Cage 

7 

16 

, 

27 i 

i 

22 

36 

- 

8 1 

18 ! 

\ 

11 

24 

“ 1 


9 



12 


In order to make the subject more graphic take a concrete 
example and assume a winder for a duty of 240 tons per hour 
from a depth of 800 yards. Suppose that at the colliery there 
are trucks available which carry 1^ tons each ; the winder will 
have to raise 1 J tons or multiples of IJ tons useful load. The 
coal must then be wound as per the following Table F2. 


TABLE F2. 


Tons of Coal iier Wind, j 

No ot Winds 
pel Hour 

' Tune pei Wind. 

1 

Time per Wind, 
less Banking 

A-v erage Speed in 
Feet per Second 

3 



80 

45 

35 

69 

4^ 

. , 

• • 

1 54 

67 

58 

41 5 

6 


* m 

! 40 

i 90 

79 

31 

9 


* • 

! 27 

1 

: 135 

1 

123 

19-5 


Xoie . — A load of It tons has not been included, because this is ruled 
out by the abnormal high speed ; 7 1 tons cage loading is im- 
practicable on account of unequal loading per deck, unless five 
decks were used. 

Ropes. — ^Round ropes are generally preferred in this country 
for winding. Some of the earliest engines had round ropes 
wound on reels in place of wide drums, and were provided with 
counter-balances in the shape of heavy chains attached to a 
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rope wound on to a drum of small diameter , isolated instances 
may still be found in mines in the North of England and also in 
South Wales. In the Belgian coalfield flat ropes, which consist 
of a number of round aloe ropes stitched together side by side, 
are often used. Roimd ropes are of uniform diameter and 
weight throughout their length. Flat ropes can be made taper 
by decreasing the width or number of ropes stitched together, 
while the thickness of the rope remains the same. This gives 
an excellent opportunity for decreasing the out-of-balance load. 

Locked coil rope is at present extensively used, as it has the 
following advantages : — 

(1) It gives the greatest strength for the smallest diameter 

and weight. 

(2) Having a smooth surface the wear by friction is 

minimised. 

(3) It does not spin. 

(4) It is freer from internal corrosion than others. 

As previously mentioned, the harder the steel wire the 
greater the breaking stress, but the greater the liability to crack 
when bent ; hence larger diameters of drums and pulleys are 
necessary and a compromise has to be found Experience 
has shown that for winding ropes a breaking stress of about 110 
tons per square inch on the wires is satisfactory. For deep 
shafts this value may have to be increased to 120 — 130 tons per 
square inch. 

Size of Rope. — In vdnding the rope is the all-important 
factor. Old practice was to choose a rope vuth a static factor 
of safety of 8 to 10. In this factor of safety stress due to 
acceleration was ignored, consequently the 8 to 10 factor gave 
a false impression of security, and in practice actually dwindled 
down to 6, especially in steam winders when the starting torque 
is very irregular. 

At the Dusseldorf International Congress of 1910 a margin of 
safety of 6 was advocated by the Prussian Commission for 
winding minerals, with the stipulation that when winding men 
the cage should not be loaded beyond half the weight carried 
when winding minerals. They claimed that this comparatively 
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low factor of safety of G is perfectly justified in view of the 
stringent test the ropes have to undergo before being 
accepted 

In practice the capping or method of attaching the rope to 





the cage is the point that causes most anxiety. The average 
life of a rope may be taken as three-and-a-half years, but 
re-capping is necessary at intervals of not more than six months 
to comply with the requirements of section 40 (5) of the 1911 
Act. 


Fig Fl — Tj^pes of drums foi six methods of winding* 
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Types of Drums in Use. — Fig. Fl shows the different tjpes 
of drums generally employed. 

(1) The ^parallel or plain cylindrical drum is certainly the 
most popular. As it is not considered good practice to coil a 
winding rope in two layers on a drum, if the depth of wind is 
great the drum must be of large diameter and wide. In a u ide 
drum the distance between the pit head-gear pulleys has to be 
considered, otherwise there is considerable friction on the side 
of the rope. A unique method of getting over this difficulty is 
found in the Morgan engine at Dolcoath, in Cornwall. The 
engines are supported on girders, which travel on rails at right 
angles to the pull of the rope a distance equal to the thickness 
of the rope for every revolution of the drum, which is 10 ft. in 
diameter and 21 ft. in length, and will accommodate 3,000 ft. 
of rope {The Engineer ^ 16th March, 1900) 

(2) Conical or simple spiral drums in which the spiral 
increases at an even rate have been employed, and are excellent 
from the point of view' of balancing, but are costly to construct, 
^'ery heavy in proportion to their strength, and are difficult to 
handle. 

(3) The spiro-cylindrical is a combination of the tw'o first 
types. It has been used in France, but is best known in South 
Wales, where it is identified wnth the name of jMt. E. W. Harm, 
w’ho first employed it in Aberaman. Several other mstances 
may be found in South Wales, and an excellent modern example 
is fully described in IMr. Hugh Bramwell's paper on the Equip- 
ment of the Maritime Pit ” (Proc. S. Wales Inst, of Eng., 
Vol. XXVI., p. 140). In going mto the design ]Mr. Bramwell 
found that it would be better to depart from the usual prac- 
tice of making the spiral rise at an even rate, and developed a 
design in which the work diagram is materially improved owing 
to the spiral coiling on the drum at a varying rate up the cone, 
thus increasing the diameter at first rapidly and afterw'ards 
more slowly. A short cylindrical drum face is provided at each 
end of the spiral in this type of drum. 

In both this and the previous type some difficulty may arise 
in decking the cages, as the two cages travel different distances 
for a given movement of the drum. Another difficulty which 
has been found in operation is that if for any reason the engine 
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has stopped before the load is wound quite up to the bank the 
engine may be unable to finish the wind, as it is not strong 
enough to start the load with the rope on the fuU diameter of 
the drum. It is therefore necessary to let the load run back a 
certain distance do'«Ti the shaft until a less out-of-balance 
condition obtains and the engine is able to control the load. 

(4) The Koepe 'pulley is the invention of a German mining 
engineer of that name, and consists of a friction pulley of large 
diameter, with a grooved face in place of the wide drum. The 
groove is sometimes packed wdth rope, but more generally wdth 
wood or leather, in order to increase the friction. The rope 
from the top of one cage passes over the pit head gear round the 
Koepe pulley, over the other pit head gear to the second cage. 
A balance rope goes from the under side of the second cage to 
the bottom of the shaft and up to the under side of the first 
cage to which it is attached. This system is very popular in 
Germany, but has been very httle used in this country, perhaps 
the only mstance at work for any length of time being the 
Sneyd Colliery (Trans. Inst. Min. Eng., Vol. XVIII., p. 450, and 
Vol. XXX., p 282). If one asks why it is not used in this 
country the reason generally given is that if the rope breaks 
both cages must necessarily fall. The author has frequently 
inquired, and has personally sought, for instances of failure, 
but has been unable to find one, so that the danger appears to 
be rather more sentimental than real. Another objection is 
the slipping of the rope, which may occur to a slight extent, 
especially when the loading of the cages is very unequal. The 
effect of this slip is cumulative, and, as the winding engine 
attendant stops the engine when a mark on the periphery of the 
pulley or drum coincides with a pointer, the slip renders it 
difficult for him to stop the engine and bank the cage properly, 
so that this calls for constant adjustment of the depth indicator. 

A new rope stretches, and the excess of length has to be 
corrected by taking out links from the chains which have been 
inserted above the cages for that purpose. When sufficient 
chain has been taken out, the rope can be re-capped, the chain 
being re-inserted ; but probably the most real objection to the 
system is the difficulty of re-capping sufficiently often when 
the rope has not stretched enough to allow it. 
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The weight of a Koepe pulley is considerably less than that 
of a corresponding drum, and the small ^^’idth occupied by the 
pulley makes a very efficient and neat arrangement for electric 
winding. The record of life of ropes used on Koepe pulleys is 
very good, due to the large diameter of the pulley and the slower 
rate of acceleration and retardation, which is generally employed 
to avoid slipping of the rope. 

It is interesting to note that by section 40 (4) of the 1911 Act 
“ keps for supporting the cage when at rest are to be provided 
at the surface level where mineral is usually unloaded, but the 
provision of keps shall not apply to a system of -winding by 
means of a single rope where the ropes are held by the 
friction of the rope on a winding sheave,” so that although 
the system is little used at present, the Act does not debar 
it. The point, of course, is that keps would take the weight 
of the cage off the rope which would therefore slip on the 
pulley. 

(5) Winding reels were employed on some of the earliest 
winding engines ; instances may still be found in the pits in 
South Wales and in the North. This system is still commonl 3 ' 
employed in the Belgian and North of France coalfields, where 
tapered flat hemp ropes are generally emploj’ed. An excellent 
balance may be obtained when a flat rope is emploj-ed coiled 
upon itself on a narro-vv drum while a similar rope is being 
uncoiled from a similar drum. 

(6) The Whiting system is a development of the Koepe 
system, inasmuch as it is an attempt to increase the surface of 
the pulley and friction of the rope upon it. The rope, instead 
of being taken once round the driving pulley, is taken several 
times over a pair of pulleys, and a tension pulley is pro-vided by 
means of which the length of the rope in the shaft may be 
adjusted. With this system a balance rope is necessary, as in 
the case of the Koepe pulley. It has been employed to a small 
extent in deep mines in South Africa, but is not likely to become 
popular. 

Motor to Drum Connection. — Some of the early Cornish 
engines were geared to the winding drums but in this coimtry, 
except in the case of small and relatively unimportant machine, 
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it is usual to connect the motor direct to the drum shaft. This 
calls for a slow speed and heavy equipment. 

Improvement in gearing is being taken advantage of, 
especially in South Africa, -where many geared -winders are now 
running, although they are small as compared -with the main 
winders employed in British or German collieries. For 
instance, the Cinderella Deep IVIine Co. are using t-vv'O -wdnders 
for their main shaft, which -wdll be 3,000 ft. deep. Each -winder 
has a Westinghouse 180 h.p. three-phase 60-cycle slip-ring 
induction motor, capable of carrying 450 h p. for short periods, 
coupled through double reduction gearing to an 8-ft. drum. 
The gearing is by the Power Plant Co. of double-helical steel 
for the first motion, and of machine-moulded cast iron for the 
second motion. 

The load is 3,000 lbs. of ore in a 2,500 lbs skip. The rope is 
3 in. in circumference and the -winding speed 1,000 ft per 
minute. The control is by hquid resistance s-witches, in which 
the electrodes are fixed and the height of the hquid is varied. 

The drums or pulleys are generally keyed on to the shaft 
and the motor reversed as necessary. There are exceptions, 
how-ever, to this arrangement, as in the case of a large winding 
engine lately started at the Consolidated Copper Mmes near 
Kelvin, Arizona. In this case the motor runs continuously, 
always in one direction. The tw^o-drum hoist is driven by 
ropes, and the drums are controlled by friction clutches. The 
motor is an alternating current machine rated at 300 h.p., 
430 r.p.m , and drives a drum shaft by thirty -two 1-in. ropes. 
The load handled is 21 tons gross, -which is raised from a depth 
of 500 ft. at a speed of 300 ft. per minute. 

Position of Motor. — ^In England the motor or engine is 
always on solid masonry foimdations on the ground level. An 
interesting variation occurs in several cases on the Continent, 
where the motor is erected at the top of the pit head gear. 

The first instance was probably the Ligny les Aire equipment, 
supplied by the Lahmeyer Co. some nine or ten years ago, 
where it was necessary to hoist 106 tons of coal per hour from 
a depth of 1,300 ft. at a speed of 26 ft. per second. The winding 
gear was erected directly over the shaft in a tower standing in 
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a base 30 ft. square ; the tower has tapered sides and a height 
up to the winder floor of 69 ft. The winding machine consists 



Fig. F2. — 'VVinder-house on pit-head gear. 

of two 250 h.p. motors directly eoimected to two drums on the 
same shaft ; the diameter of the drums is 13 ft. 2 in. The 
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power at starting is about 600 h.p , and when the full speed of 
38 r.p ni. is attained the power falls to 300 h p. 

At the Deutschland Colliery, Upper Silesia, a winder supplied 
by the A. E. G Co. of Beilin was erected on a pit head gear 
which takes the unusual form of a parallel steel frame without 
any external staj^s (Fig. ¥2). The motor, by the A. E. G. Co. 
is 630 h.p. at 63*7 r.p.m., and is directly coupled to a Koepe 
pulley 14 ft. 9 in diameter. The unusual arrangement was 
due to the lack of ground space, but the equipment was found 
to be so economical and satisfactory that it was repeated, and 
now the two shafts at this colliery are equipped with similar 
winding machines. 

Mechanics of the Winding Problem. — The simplest form of 
winder consists of a cylindrical drum driven by a steam engine 
or other motor. On the drum two ropes are coiled in opposite 
directions, so that as one is wound up the other is unwound, 
and when half imwound they balance each other. These ropes 
are led from the drum over a pair of sheaves in the headgear, 
and are each attached to a cage ; when one cage is at the bank 
the other is at the shaft bottom, and they reverse their relative 
positions at each wind. 

Consider first the static moments on the drum due to the 
pull on the rope during one wmd. It must be mentioned here 
that in order to arrive at the static moment the shaft friction 
is expressed in lbs. weight, and, as it always opposes motion, 
it is added to the weight on the ascending rope. Hence, for a 
cyhndrical drum the resultant static moment at any shaft 
position wiU be 

(W: + F - Wa) r, 
where Wi = ascending weight, 

F = shaft friction, 

Wa = descending weight, 
r = drum radius. 

It is clear that the smaller the resultant static moment, the 
smaller will be the required starting torque. Fig. FS shows 
how the static moment is affected by the weight of the rope. 
The vertical scale represents the resultant static moment ; the 
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horizontal scale represents the depth of the shaft In each 
case the same load and friction have been assumed. 

Case, 1 represents the static moment for the cage in any 


PARALLEL DRUMS 





Fio. F3. — Static moments of winders with parallel drums. 

position in the shaft when the useful load exceeds the weight 
of the winding rope, as in a shaft of moderate depth. 

Case 2 represents conditions where the winding rope is 
equal to the weight of the useful load. 

A.E.P. I, 
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'ase 3 represents conditions where the weight of the winding 
rope exceeds the useful load and overbalances the load at the 
end of the wind as in a deep shaft. 

It was soon recognised that in order to minimise the starting 
torque it w’ould be necessary to equalise as much as possible 
the static moments in the ropes Many devices were adopted, 
of which two are extensively used. The best known is the 
balance rope, the other method is the conical drum, and 
modifications of that tj'pe. 

The balance rope is generally made of the same weight per 
unit length as the winding rope, in which case the static moment 
diagram will correspond to a rectangle, Case 4. 

By decreasing the weight of the balance rope, conditions 
as shown in Case 5 are obtained, and by increasing it Case 6 
is obtained. It might be desirable sometimes to do this, 
although, as will be seen later, the reduction in the starting 
torque obtained by increasing the iveight of the rope may, to 
a large extent, be discounted by the fact that increasing the 
w'eight of the rope increases the masses in the system, and this 
is responsible for an increased starting torque, also for extra 
stress on the rope during the braking period, so that the remedy 
might be w'orse than the disease. 

The Balance Rope has not been so much used as it might 
have been ; the reason probably is not directly due to the rope, 
but to the engine. The irregular turning of steam wdnding 
engines causes considerable swing in the rope between the drum 
and the pit -head sheaves, and is often very perceptible when 
riding in the cage. The surges between the drum and sheaves 
are small compared with what can occur between the cage and 
the bottom of the shaft, so the antipathy which mining 
engineers have had to balance ropes on steam-driven winders is 
easily justified. Modern engines are a great improvement in 
this respect, and electric motors give such regular turning that 
surges are not experienced. Where motor-driven and steam- 
driven winders are running side by side the difference is very 
marked, one rope runs like a rod, while the other is surging and 
whipping all the time of the -wind. 

When using the conical or spiro-oylindrical drum no balance 
rope is used, and the main ropes are arranged in such a way 
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that the rope fixed to the cage at the bank is wound on a 
much larger radius than the rope attached to the loaded cage 
which is at the bottom of the shaft. In this way the static 
moments are equalised. In some cases even the resultant 



Speed 



Fig F4 — Speed, torque, and power diagrams for a winder with parallel drum. 

static moment is in favour of the empty cage (as in Case 6, 
ante), so that the winder will start by itself. 

Speed Diagram. — ^The Speed Diagram of a winder takes the 
form of a trapezoid (Fig. P4), of which the base line T represents 
the time to complete one wind, and the height V the full speed. 

£• 2 
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The area of this diagram, therefore, represents the depth of the 
shaft. It is clear that this diagram can assume any shape 
between a rectangle and a triangle, these two figures forming 
the extreme conditions. In the case of a rectangular speed 
diagram ^-which in practice is impossible) the acceleration and 
retardation are instantaneous, and the maximum speed V will 
also be the average speed. At the other extreme, viz., a 
triangular diagram, the average speed wall be haK the maximum 
speed ; and there will be no full speed period, i.e., as soon as 
acceleration finishes retardation begins. 

From this it can be deduced that in practice the speed 

must always be more than half the . 

Referring to Fig. F4, 

S = area of speed diagram = depth of shaft, 

T„er = time in seconds for acceleration, 

T,,, = „ „ „ „ retardation, 

Ten = .. » .. » full speed run. 

As the practical speed diagram has the shape of a trapezoid 
the following formulae are obtained ; — 


Tacc + T 


s = X = X (t 

hence T„,, + T^, = 2 T — or ^ ® 


rtt 


). 


T + T„ 


The must be chosen as near as possible, in 

order to have as long a period for the full speed rim as is 
compatible with the permissible acceleration and retardation 
rates. 

Consequently, if Ymax is stipulated the other factors can be 
determined. 

It must be borne in mind that in setting out the speed 
diagram practical considerations limit the permissible maximum 
speed. Speeds of 70 ft. per second are becoming fairly 
common, although not very much exceeded at present. The 
highest speed which has come to the author’s notice is 92 ft. 
per second, but this is exceptional. 

Before the speed diagram can be definitely settled the 
acceleration and retardation rates must be determined. These 
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may vary greatly in different instances, although a value of 
4 o ft. per second per second for acceleration is very high and 
hardly ever exceeded. It naturally depends upon the depth of 
shaft and cage loading, although it must not be forgotten that 
a limit is imposed by the motor, inasmuch as the torque during 
the accelerating period ought not to be more than about twice 
to two-and-a-half times the full speed torque. As regards 
retardation this should, so far as possible, be arranged that 
no external braking is necessary. 

The Torque Diagram is easily derived from the speed diagram 
(Fig. F4). 

The total pull P in the rope is made up of three components — 

PZ = Pull due to the out-of -balance load. 

P/ = Friction, which always acts in opposition to the 
motion, and which amounts to 18 — 20 per cent, of 
the useful load. 

P,„, = Force necessary for accelerating the masses, 
which is the product of the total masses in motion 
by the rate of acceleration, or M x A,„, . 

P,,f = Force necessary for retarding the masses, which is 
the product of the total masses in motion by the 
rate of retardation, or M x A„, 

With a cylindrical drum or a Koepe pulley all the moving 
parts can be reduced to the drum diameter, by applying the 
following formula to each rotating member : — 

W X 
p X 

where 

W = weight 

K = radius of gyration of rotating member ; 
r = radius of drum ; 
g = gravity. 

Particulars as to weights and radius of gyration of the 
sheaves, drums, motors and other rotating parts, if any, must 
be obtained from the manufacturers. In connection with the 
equivalent masses in motion, Mr. Stjemberg points out in his 
paper that “ for cylindrical drums the ratio between the static 
load Q (load and friction) and the mass M varies somewhat. 
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but between comparatively narrow limits. With a distance 

M 

between the pit-head pulleys of 5 to 6 ft., lies between 

I’l and 1*3 (m the metric system). The larger value corre- 
sponds to pits of about 500 to 600 yards depth with a useful 
load of about 3 tons ; for shallower pits or larger loads a 
smaller value can be taken. If instead of cylindrical drums 
Koepe pulleys are used, this value may be as low as 0 8.'' 

Let 

Q„„ = torque during acceleration, 

Q,„„ = „ „ full speed run, 

Q,^t = „ ,, retardation. 

A,„, = acceleration in feet per second per second, 

A„, = retardation „ 

R = radius of drum, 

M = equivalent mass of system. 

Then 

Q„„. = (K + P/ -f P,,..) R, 

Q,„» = (PI + Pf) P, 

= (PI -f- P/ - P.,,) R. 

Power Diagram. — The powder K is obtained by multiplying 
the values of the pull on the rope with the corresponding speeds 
V ; hence 

K,,, = (PZ-kP/-fP„,)V, 

= (PI -f- Pf) V, 

K,,, = (PI + Pf- P,,t) V. 

From these values we can establish the Power Diagram 
(Fig. F4). 

To obtain the mean power during the winding period it is 
only necessary to calculate the area of the power diagram and 
divide by the base or the time taken. 

Size of Motor. — The size of motor is determined by the 
Root Mean Square torque, Qran, calculated over the running 
period, as this torque determines the heating of the motor ; 
hence 

Motor output = angular 

velocity* 
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A motor calculated on this basis will give the temperature rise 
obtained when the same machine is running continuously at 
the R.M.S. torque. 

Example . — Having considered the various points that arise 
in calculating a wunder problem, it will help to make them a 
little more fixed in the mind if they are applied to a definite 
case. 

To recapitulate, the consecutive steps m the calculation of 
a winder are as follows : — 

(a) For a given cage loading and a given quantity of coal to 
be raised per hour the number of trips and the time per trip 
can be fixed, as also the average speed. 

(&) The size of rope to be used can be fixed by calculating 
the stress, this being equal to the sum of the suspended weights 
plus the friction, plus the accelerating force. ^ 

(c) From the rope diameter is determined the diameter of 
the drum and sheaves 

(d) The inertia of all the moving masses can now be calcu- 
lated as acting at the radius of the drum. 

(e) The inertia being Imown, acceleration and retardation 
rates can be established. 

(/) Having found the acceleration and retardation, the speed 
diagram can be determined. 

(g) From the speed diagram the torque and the power 
diagrams are determined 

{h) From the torque diagram the horse-power of the motor 
is determined. 

In Table F3, four cases of winding 240 tons per hour from 
800 yards depth are shown. The cage loadings are for multiples 
of li tons, as mentioned earlier (p. 136). As will be noticed 
with a 3-ton cage loading, the maximum speed becomes 
impracticable, so this case has not been pursued. 

In estimating the stress in the rope the w’eight of the cage 
and the bridles has been taken as one-and-a-quarter times the 
weight of coal, and the wagons as half the weight of the coal. 
These are values which obtain in practice, although they may 
vary widely in different districts. 

1 For a preliminary estimate the aceelerating force may be taken as 
equal to the sum of the useful load, plus 20 per cent, for friction. 
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For estimating the total masses in motion acting at the drum 
radius the weight and radius of gyration of the various parts 
must be known. W’^hen working out an actual ease these 
are readily obtainable, but when working out an imaginary 
case we must either rely on empirical formulae or proceed in 
the manner indicated by Mr. Stjemberg (as mentioned pre- 
viously), whose values appear quite near enough for ordinary 
purposes. 

In the present example the motor ratings for the different 
cage loadings work out — 

1,675 h.p. for the 4^ tons, 

1,106 h.p. for the 6 tons, 

940 h.p. for the 9 tons, 

so that purely from the point of view of the motor the 9-ton 
equipment will be the cheapest. As a rule, in practice there 
are important conditions %vhich hmit the choice of cage loading. 
WTien using li-ton wagons, the 4^-ton and the 9-ton cage 
loadings call for three-deck cages, whereas the 6-ton calls for a 
double-deck cage. Whether or no the pit bottom lends itself 
to a cage of this kind is a point to be decided by the coUiery 
manager. 

It will be noticed that the energy per ton of coal is the 
same in each case ; this is because the same value has been 
taken for shaft efficiency. In practice the shaft ejSfioiency 
would vary for slow and for quick winding. 

Electrical Problem. — The load on the winder being of such an 
extremely fluctuating character, it presents a very interesting 
problem for an electrical engineer. 

On some winders now at work the load varies from 0 to 
3,000 h.p. in the space of a few seconds ; naturally an enormous 
increment of load of this description is very difficult to handle, 
and cannot be coped with by a Supply Company with a limited 
output, but in localities such as South Africa, where a Power 
Company is equipped on a large scale and is prepared to take 
risks, a large number of three-phase winders are now at work 
taking their supply direct from the network, with or without 
motor generators, but in either case without any auxiliary 
fly-wheel or equalising apparatus. 
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TABLE F3. — Winders. 

240 tons per hour from 800 yards depth. 
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It is also interesting to note that the IVIaritinae winder, 
referred to on p. 139, ante, is now heing operated off the mains 
of the South Wales Power Co. without the equaliser with which 
it was originally provided, and the Harton winder is similarly 
worked from the mains of the ISTewcastle-on-Tjme Electric 
Supply" Co. 
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TYPES OF ELECTRIC WINDERS 

Types of Winders. — The electrical equipment of the winder 
must be selected "Ruth due consideration of the suppH from 
which the energy is to be drawn. 

Two main classes of winding plants have been developed : — 

(A) Winders where the motor is directly worked off the 

supply main ; 

(B) Winders where the motor works in conjunction with 

equalising apparatus for levelling the peak and 
diminishing the maximum demand from the supply 
main. 

These two classes can be subdivided into the following 
types 

Class A ( 1 ). Three-phase motor coupled direct to the winder 
and supplied direct from the Power Station, which is the most 
commonly used type in this class (Fig. Gl). 

In this type there is the minimum number of links in the 
chain between the generator and the winder, but this simplicity 
is obtained coupled with important disadvantage^. 

The great fluctuations which occur in the energy called for 
render it practically impossible, except in a case where the 
maximum demand for the winder is only a small proportion of 
the demand on the Power Station, otherwise the variation of 
the pressure on the system renders the supply objectionable, 
if not useless, for other purposes. This is probably one of the 
chief reasons W'hy it is being abandoned at the classic example 
of this system at Preussen II., near Dortmund. 

There is a large loss during the acceleration period, as the 
useful work plus the rheostatic loss is constant ; hence the 
efficiency is low, only about 46 per cent. 

As the speed during the letardation period is not above 
synchronism, no power can be returned to the supply system. 
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On the other hand, the efficiency during the period of fuU 
speed is high, possibly 90 per cent., and as the capital outlay is 
relatively small, owing to the absence of equalising plant, the 
upkeep is small except on the resistance switch, the work on 
which is severe. 

On a very large power scheme the fluctuations caused by the 
operation of many winding engines ought to cancel out, and in 
the aggregate cause no more inconvenience than is caused by a 
service of many tramcars, given, of course, that the plant was 
designed with suitable units. The Victoria Falls Power Co are 
taking this line in connection with the supply to the mines on the 
Rand. In his paper (Journal Inst. Elec. Eng , Vol. XLVI , p. 207) 
Mr. Heather states the Power Co do not object, so he is putting 
down winders of this type for the nimes on which he is engaged, 
and he deals very fully with the possibihties of this type, in 
which, under the special circumstances of the case, he is a firm 
behever. Mr. Heather uses double reading polarised ammeters 
in the motor circuit to tell whether the driver ought to increase 
or decrease the resistance in the rotor circuit in order to 
alter the torque, and claims thereby to have brought the 
simplicity of control of an induction motor exactly level with 
that of a continuous current motor. 

That there is a very definite advantage in current con- 
sumption in operating wdthout the fly-wheel equaliser is shown 
in two fortnightly records given by Mr. Bramwell for the 
Maritime winder (Proc. S. Wales Inst. Eng., Vol. XXVII., 
p. 299). 


TABLE Gl. 


— 

With Fly-wheel. 

W itlioiit FI j -w heel 

FortnigLt ending . . 


26/6/09 

1,10/10 

No. of winds of all sorts . . 


5,260 

5,370 

B.T.U^tised 


29.800 

1 17,800 

Tons of coal raised . . 


5,986 

6,043 

B.T*U per ton of coal 


4 26 

2-94 

9 9 99 wind * • • • 


5*66 

3 31 


A very real objection to this type is that in the event of the 
supply failing the winder is stopped perhaps in the middle 
of a wind, and if men have to be got out of the pit this is a serious 
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Fig. Gl. — Diagram of connections for three-phase winder. 


1 W iiKler motor 
J T - ' ' - 

3 ' j ' ■ I 

4 • < 

5 Jj 1 

6 Brake magnet 

7 S *viteh operated by overwmdmg de\ ice in shift 

8 Transformer 
H T, fui»es 

10. Potential transformer. 

11 Current transformei 


12 Meter 

13 Wattmeter 

14 Ammeter 
li Voltmeter 

lt> Oil switch, with maximum ami iio-Ioad ^e^ea^e 

17. J ■ ■ ' ‘ apparatus 

18. .» 

19 Compressor motor. 

JO Automatic starter for oompressor motor 
il. Automatic switch. 

22 Quick-break switch. 
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matter. In sinking a shaft at the Cinderella Deep Consoli- 
dated G.M. Co., power is taken from the high tension lines of 
the Victoria FaUs Power Co. in a region where thunderstorms 
are frequent. To enable the men to be wound out of danger 
a small fly-wheel set is employed, which is run only when blast- 
ing is about to take place ; the arrangement has been found 
very useful and effective. 

The classic examples of this type of winder are the Preus- 
sen II., near Dortmund, which was started in 1902, and the 
Grand Homu, near Mons, which was started in 1904. 

At Preussen II., a three-phase, 2,000-volt, 50-cycle motor 
giving 1,380 h p. maximum is coupled direct to a Koepe 
pulley 19 ft. 6 in. diameter. The maximum hoisting speed is 
52 ft. 6 in. per minute, with a nett load of 1 ton. About 
100 tons per hour are wound from a depth of 760 yards. 

At Grand Homu a three-phase motor working at 1,250 volts, 
23^ cycles, and giving 940 h p. maximum is directly coupled 
to the drum shaft, upon which there are two reels for flat 
ropes. The minimum diameter of the reels is 4 ft. 2 in., the 
maximum diameter 25 ft. 9 in. The rope is of aloe flbre and 
flat in section, tapering down from 12 in. X 2 in. to 8J in. X 
1-^ in. A similar machine w'as started in the following year. 

Fig. Grl shows dlagrammatically the scheme of connections 
as employed by the A.E.G Co., the reference numbers on which 
make the diagram self-explanatory. The starting and regulating 
resistance. No. 2, is of the liquid type, in which the plates are 
fixed and the resistance is varied by altering the level of the 
liquid. The upper part of the tanks is the resistance proper ; 
the lower part acts as a reservoir and coolin g tank. The valve 
which controls the level of the liquid is shown connected to 
the quadrant worked by the driver’s lever, which also works 
the main switch, No. 3, in the stator by means of a relay, the 
switch controlling which is fixed on the end of the resistance 
tank. 

Both these plants were operated from private Power Stations, 
but the fluctuation of pressure caused was so great that a large 
amount of extra plant had to be kept running to cope with it, 
and, as previously mentioned, the Preussen II. set is now being 
abandoned. 
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Si(^iiu*iis* at Ilaiinii ('oHiny. 
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An excellent modern example of this system is to be found 
in the Siemens equipment at the Harton Colliery, which was 



SPEED 

Fig. G3 — Starting losses witli ordinaiy slip-ring and Sandycroft-Himt 

cascade motors. 


started about two years ago (Fig. G2). In this ease three- 
phase energy is supplied from the mains of the Newcastle 
IMstrict Electric Supply Co. at 6,000 volts, 40 cycles. The 
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winding motor is of 800 h.p. normal rating, but works up to 
1,700 h.p. at starting. It winds from a depth of 1,300 ft. at 
a normal speed of 51 r.p.m., which is equal to 36 ft. per second. 
The control is effected by means of a liquid resistance in the 
rotor circuit, the slowing down being partly done by the 
post brakes. The blades of the resistance are moved by a 
motor into or out of the water as required. 

Clada A (2). Winder driven direct from the supply by a 
Sandj'croft-Hunt patent variable speed cascade motor. 

The chief feature of this motor is that two efficient speeds 
are obtainable, full speed and two-thirds speed, with the 
possibility of any intermediate speed by rheostatic control 
in the rotor. Regulation below two-thirds speed is effected 
by means of rheostatic control in the stator winding ; in thi^ 
case the rheostatic losses will correspond to the lover speed 
and not to the full speed, as is the case in the ordinary three- 
phase motor with rheostatic control m the rotor 

Fig. G.3 shows the losses incurred when starting an ordinary 
three-phase motor and a Sandycroft-Hunt motor respectively. 
The area of each figure equals the input to the motor ; the 
vertical scale represents torque and the horizontal scale speed. 
The shaded areas represent energy wasted in the resistances. 
The point is shown at which cascade speed obtains. 

The motor is started on the cascade connections, thereby 
obtaining a high torque with low current value ; this not only 
reduces the starting losses, but also considerably reduces 
the peak, and, in many cases, makes the proposition practicable 
where the ordinary three-phase motor drive would be un- 
suitable. 

Another advantage is that regenerative braking is available 
during the retardation period up to cascade speed, when 
further braking can be obtained by the admission of counter- 
current or by mechanical brakes as desired. The control of 
the motor is very simple, and a uniform torque is obtained, 
even at creeping speeds for shaft inspection, &c. 

Where a shaft is in the initial stage, this arrangement 
presents the further advantage that during the development 
period the motor can wind at cascade speed. 

This application of the Hunt motor is new, and as yet no 

^.E.P. M 
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practical example is at work, although shortly a hoist for an 
inchned shaft of the Singanem INIine in India will be in opera- 
tion. This matter is further explained on p. 204. 

Class A (3). Winder driven by two single-phase commu- 
tator motors on one shaft. 

Messrs. Browm, Boveri & Co. have adapted the single- 
phase Deri motor to run from a three-phase circuit by con- 
necting two such motors across the three phases. In this 
way the set consists of two stators, and two rotors each 
■with a commutator, coupled on one shaft. The great 
advantage of this system is that no starting or regulating 
apparatus of any kind is necessary, as all starting, regulating, 
and reversmg is effected by shifting the brushes on the com- 
mutators. Further, the motor can be directly coupled to a 
high tension supply without the intermediary of a transformer, 
and as the rotor is not electrically connected to the stator it 
can be -wound for low tension. The motor can be used for 
electric braking and is regenerative at aU speeds, and also 
possesses the advantage of a large starting torque. The 
disadvantage is that owing to the introduction of commutators 
the sparking may cause trouble, although this difficulty has 
been overcome for motors of less than 750 h.p. output. 

An instance of this system is found at the Czeladz Mines in 
Poland, where a 280 h.p. machine is -winding from a depth of 
about 700 ft. 

Glass A (4). Winder driven by a continuous current sepa- 
rately excited motor, the continuous current being obtained 
from a motor generator, the motor of which is driven by 
three-phase energy and the generator controls the motor on 
the Ward-Leonard system. 

An instance of this is to be found at the Koenigshutte 
Colliery in Upper Silesia, w'here the equipment was supplied by 
the A. E. G. Co. of Berlin. The motor generator is supplied at 
6,000 volts, and it is rated at from 300 k.w. normal to 630 k.w. 
maximum, with a speed varying from 585 to 630 r.p.m. The 
winding motor is rated at 360 h.p., at 42*5 r.p.m., and is supplied 
■with current at 500 volts from the motor generator, with 
Ward-Leonard control- Eighty-four -winds are made per hour, 
34 seconds being allowed per -wind, les^ves about 9 
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seconds for banldng. The depth of the shaft is 017 ft., and the 
ordinary nett load wound is two tons. 

XoTE ON Waed-Leonard Conteol — This consists of a 
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separately excited or shunt wound dynamo, the brushes of 
which are connected direct to the armature of the separately 
excited winder motor. The dynamo field is reversible, and 
varied from zero to full voltage in either direction by the 
insertion of a resistance. Consequently the pressure, and 
hence the current, of the winder motor, whose field is kept 
steady, is also varied from zero to maximum value (Fig. G4). 

Class A (5). Series Parallel Sj’stem. — ^Winder driven by 
two series motors controlled on the senes parallel principle. 
The operation of this system is so well knoum that it does not 
need description. An installation of this kind is at work at the 
New Modderfontein Minc.s, South Africa ; particulars of this 
installation are given in Table G4, p. 187. 

Class A (6) Winder driven by continuous-current 
separately excited motor, with Ward- Leonard control, the 
current being supplied by a steam turbine set, which drives 
both a continuous-current generator and a three-phase generator 
for supplying the other plant at the mine. 

A very interesting example of this type, supplied by Messrs. 
Brown, Boveri & Co , is to be found at the Heinitz Mine 
in Upper Silesia. The advantage of this system over the 
Ilgner is that there are less hnks in the chain, and the fly-wheel 
mo or generator is not necessary, as the overload on the winder 
is taken care of by a by-pass valve on the steam turbine. So 
far as economy in steam goes there is little to choose between 
this and an ordinary steam winder, as the boiler capacity must 
be sufficient to meet the maximum demand when accelerating 
the load, whereas with the Ilgner system the boiler only has to 
supply the average load. The Heinitz plant is not yet working 
to full capacity. The plant is designed for a 

Depth of shaft . . . . . . 2,526 ft. 

Useful load in tons . . . . 7 

Speed, ft. per second . . . . 32*8 

Diameter of Koepe pulley . . 26 25 ft. 

Cage . . . . . . . . 4 decks, with 3 wagons 

per deck. 

The turbine has a maximum rating of 1,700 k.w. and is fitted 
with an automatic overload valve, which throttles the steam 
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during normal load, but at full load openi>, bo that the throttling 
is removed, and, further, can admit live steam to the second 
stage of the turbine. The operation of the winder affects the 
speed of the turbine some 2 per cent , but this has not been 
found detrimental. The continuous-current generator has 
a normal rating of 450 k.w. with an overload capacity of 
about three times this amount. It is wound for 500 volts, and 
is provided with a Deri winding, which gives sparkless commu- 
tation at all loads. The three-phase generator which supplies 
other plant at the mine is of 1,000 k.w capacity at fifty periods 
when running at a normal speed of 1.500 r.p.in, (Trans. In.^t. 
Min. Eng , Vol. XL., p. 302). 

C7a**** B. Winders working in connection with a load equal- 
iser, the latler either taking the shape of an electrical device, 
such as a battery, or a mechanical device, such as a Hy-vheel. 

Class B (1) Battery Equaliser — The cases in A\hich a 
storage battery has been used to equalise the load on a winding 
set are few’ and far betw’een. The battery system is tempting, 
inasmuch as the losses with the battery only occur while it is 
being used, w’hereas with a fly-wheel equaliser the losise'? are 
constant and independent of the load 

One of the earliest and most important instances of the use 
of the battery w’as Zollern II. Pit at Merklinde w here ^lessr^, 
Siemens and Halske installed the system in the year 1002. 
The battery, which consisted of 250 cells of a 460 amp. hour 
capacity at a one-hour discharge rating, w’as divided into four 
groups of 125 volts each, with other subdivisions to give very 
slow speeds for shaft inspection. With all the cells in scenes 
and the battery in parallel wdth the generating station a rope 
speed of 49 ft. per minute was obtained, wdiieh could be 
increased to 65 ft. by reducing the excitation of the motor- 
fields. The battery w’as controlled by a commutator switch, 
which threw the groups into series or parallel and gave a large 
choice of speeds between 0 and 65 ft. per minute. The 
battery switch, in spite of the 2,000 amp. current w’hich it 
frequently had to handle, gave no trouble, but the manipu- 
lation of the system left a good deal to be desired, and in 1904 
it was superseded by the Ilgner Fly-wheel System and the 
battery kept as a reserve. 
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The i" liu\M-M-r >ti!l in u-^t* at the Granget*herg Iron 

Mnie>. Ill S\ie*len. cle-^iglletl by Mr. A. V. (.'lay ton (Journal 
lij't. Elec. Eng., Vol. XXXVIII., p. 626), where power 
at volts and 7n cytle< is taken from a water-power 

stati*jn and is transformed down to 430 volts at a sub-station 
su[ii*lying the mine. A 400 h p. synchronous motor-generator 
-<*t -applies continuous current lor the winder. A sjmchronous 
inot*jr was adopted in order to improve the power factor, and 
on account of the difiicult\' of arranging a rotary converter for 
7o cycles. The motor-generator runs continuously and charges 



243 Tudor cells, which have a capacity of 600 amp. hours at a 
high rate of discharge. The battery works in parallel with the 
motor generator when winding is in progress. Spiral drums 
are used and two motors, each of 600 h.p., with a maximum 
speed of 19 r.p.m. Their fields are compound -wound, and at 
present they are connected in series and arranged for a mean 
rope speed of 10 ft. per .second. The mine is 900 ft. deep, but 
later on will be deepened, when the motors -nill be connected 
in parallel and the mean speed will be 20 ft. per second. The 
winding motors are controlled by a resistance in the motor 
armature circuit, the switch heing operated pneumatically 
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through a rack and pinion Complete control a^ to the 
direction of rotation and «peed its obtained by one lever onlv. 

Class B (2). The Crepelet System, the main feature of which i^ 
that the fly-wheel i.? placed in parallel with the load and driven 
by a motor, which is reversible and only supplies the energy tor 
the peak during the acceleration period. It can theretore be 
smaller than if it had to supply the whole of the energy. 
Fig. G5 shows the arrangement diagrammatically. B is 
the motor or booster, which drives the heavy fly-wheel FW. 
and is connected in series with the M'inding motor WINI 
and the supply system or generator G. The booster is 
wound for the same potential as the supply, and the binding 
motor is wound for twice this potential When the 'winding 
motor is idle its armature is short-circuited and the booster 
is coimeeted across the generator, or supply \\stem. and the 
speed of the fly-wheel is at its maximum To ^tart the wimler 
the short circuit on the motor is opened, the pie-^sure i.)i: the 
booster is graduallj* reduced to zero, reversed and bi ought up 
to full potential in the opijosite direction Tlie booster then 
acts as a generator driven by the fly-wheel, and the jiover 
stored in the fly-wheel during the idle period is returned. 

Various modifications of this important principle have been 
developed, such as the We&tinghou.se Rotor Converter vSystem. 
as used at the Maritime Pit of the Great Western (Colliery Co , 
South Wales (Proc. S. Wales Inst Eng Vol XXVI. p. 352). 
This winder is designed to handle 175 tons of coal per hour fiom 
a depth of 1,110 tt. at seventy winds per hour, which equals 
5*6 tons of coal per wind. 

The plant consists of a winding motor with a normal rating 
of 700 h.p., 2,200 volts, 25 cj'cles, at 56 r.p m. ; a rotary 
converter with a normal rating of 400 k.w., which supplies 
continuous current at 550 volts pressure to the flj'-wheel 
machine, and which is itself supplied at 350 volts by a trans- 
former of 400 k.w. ; and a fly-wheel machine consisting of a 
250k.w., 560 volt, continuous current motor at 500 — 750r.p.m., 
coupled to a 10-ton fly-wheel which is 6 ft. in diameter. The 
control is effected by a liquid starting and reversing switch 
consisting of two tanks, one of which serves as the resistance, 
the other as the cooling tank. The blades are fixed and the 
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Class B (3). The Lahmeyer System, as used at Ligiiy-le>-Aiie, 
which was mentioned previously, p. 142, is shown in the upper 
part of Fig. G6. The equaliser set consists of three electric 
machines and a fly-wheel keyed on to a common shaft. When 
the winding motor W.M is at rest the starting cUniamo O, 
which is connected in series with the line, has a voltage equal, 
but opposite in sense, to that of the supply. The pressure 
across the terminals of the winding motor is therefore at thi> 
period zero. When the winding motor is to be .started the 
field of the djmamo G is gradually weakened, thereby in- 
creasing the pressure at the terminals of the motor. After 
the excitation of the dynamo has been completely suppressed 
the winding motor runs at half the normal spec^d. In order 
to further increase the speed the excitation of the dynamo i» 
reversed and gradually strengthened It is obvious that by 
this process the pressure of the dj'namo is added to that ot tlie 
supply, the final voltage at which the motor is fed being 
double that of the supply. The driving motor M is shunt- 
wound and connected in series with the booster B on to the 
supply mains , by varying both the value and the direction 
of the voltage of this booster the speed ot the ecpiahser niaj' 
be regulated within 30 per cent., thereby enabling the fly- 
wheel to give out or to store energy as rec^uired. This speed 
variation is controlled automatically by means of a regulator 
connected in the main circuit. The action ot this device is. 
such that the speed of the equaliser is decreased and the load 
on the central station increased, and vice versa. 

Class B (4). The Lahmeyer-Kraemer system, a modification 
of the above, has also been developed by the same firm, and 
is showTi in the lower part of Fig. G6. In this case the 
equaliser consists of the starting dynamo G, the driving motor 
M, and a special booster B, all tliree connected on to the 
same shaft as the fly-wheel ; the driving motor is separately 
excited. The booster has a series field and a separately 
excited field wound to normally oppose and cancel one 
another. It is obvious that any change of current due to the 
speed fluctuation of the motor will disturb the field balance and 
cause one or the other to preponderate, thereby giving rise to 
a positive or negative tension at the booster terminals. This 
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ti'ji'iuu i" utili-ed to a thirtl field winding connected 

u~ a ^Iluut acro'-' the hof^'ler terminals. Bj’ means of this 
field any etfeet due to the disturbance of the balance between 
the senes and the separately excited field is neutralised, and the 
line current is kept approximately at a constant value. 

( >ne advantage of this .sy.stem is the absence of all automatic 
regulating apparatus , as the booster is capable of giving a 
p<»sitive or negative boost it follows that for a pressure regu- 
lation of. say, 3U per cent, it will only be required to have an 
output of la per cent, of the driving motor. 

Another feature of this system is that when lowering material 
into the pit the equaliser will regenerate and send current 
back to the line. An installation ot this tjqie is at work at the 
Ougree Marihaye Pit in Belgium. The winder is provided 
\>ith a drum of the reel type, and the motor has a maximum 
output of 2. non h.p. as contrasted with the equaliser, which 
only takes oUO h.p. from the power station. The fly-wheel 
weighs 30 ton» The line pressure is 500 volts and the speed 
of the equaliser fluetuate.s between 350 and 500 r.p.m., with 
a corresponding fluctuation in tension from 440 — 660 volts, 
'•o that the boo.-'ter supplies — 60 to -|- 160 volts. 

Chtits B (5). The Thury System, where the generator on the 
fly-wheel ?>et is placed in series with the motor. This system 
is especially suitable for colheries where more than one winder 
has to be driven, as the one equalising set serves for all, the 
wimling mo ors being connected in series with one another 
which is the special feature of the Thury control. The 
speed regulation is efiected by shifting the brushes on the 
commutator. 

This system is employed at the Auchincruive Colliery, where 
two winders supplied by Messrs. Dick Kerr are situated 
one at each end of the house, which serves as a sub-station, 
and the motor generator set is located between them. The 
motor generator fly-wheel set consists of a 250 h.p., 2,750-volt, 
50-eycle three-phase induction motor, coupled to a 10 ft. 6 in. 
fly-wheel, which weighs 4-7 tons. On the same shaft is a 
454) k.w. constant-current series generator built to give 450 
amps, at a voltage varying from 0 to 1,000 and to run at a speed 
varying from 375 to 428 r.p.m. 
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The induction motor is provided a Thury ^lip regulator 
to limit the current taken from the alternating current supply. 
This regulator controls a resistance in the rotor circuit, and cut'^ 
it out automatically as the motor speeds up until the full speed 
is obtained. In the event of the load on the serie-- generator 
increasing and the induction motor being overloaded the ^lip 
regulator inserts resistance in the rotor circuit, so enabling 
the fly-wheel to give out its stored energy. Each winder is 
driven through double-helical gearing made by the Power 
Plant C^o.j having a reduction ratio of 8*4 to 1. Each winder 
has a 275 h.p. constant current series motor; the winding 
drums are 10 ft. in diameter. 

The speed of the motor is controlled hy moving the bru'.he^ 
backwards or forwards from the neutral position, accoiding 
to the direction of rotation desired. The biushe*- are controlled 
either by the winder attendant's lever or automatically by a 
relay gear operated by oil under pressure. 

The depth of the pit is about 480 it. Each winder rated 
for a normal output of 600 tons in eight hour*N, the duration oi 
the wind being 33 seconds and the maximum speed 27 It per 
second for an average weight of coal per wind ot one ton 

Class B (6). The most commonly used oi all i'- the Ward- 
Leonard-Ilgner Fly-wheel System, where the energy taken 
fiom a fly-wheel generator which is driven an induction motor 
from the supply mains. In thi> system thc^ Ilgner motor- 
generator is connected in series with the load, that it has to 
supply the whole of the energy required. An imj3ortant 
advantage possessed by this system is that in the event of the 
main supply failing several winds can be completed by taking 
the energj" out of the fly-wheel of the motor generator set. 

One of the best examples of this system is to be found at the 
Ferndale Collieries in South Wales. It may be useful to set 
out the details somewhat fully and then consider a test which 
was carried out upon this ’binder. 

The supply is taken from the owners’ private power station. 
There is a Power Company in the district, but at the time that 
the order for this winder was under consideration they were 
not in a fit position to cope with the irregularities of a winder 
load unless damped down by equalising gear, so that the Ilgner 
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,1' iiitt't -.uilahlf. no matter whether the 
-iipjily wii- taken from iJie Power Company or from the private 
jiliint hi !■ iiiL'intf to the owner'. 

The winder i> of the cylmdneal drum type and provided 
with a tail-rope tor eiiuah-ing the weight-- 

The prominent feature- ot thi- plant are !-hown on Figs. 
<iT, 'is, tila. and till. 



Fii. G7. — tViuler at Feruiale Cnllieiy. 

Winding Drum. — ^The cylindrical drum (Fig. Gt) has a 
diameter of 10 ft. and a tread of 9 ft. The centre part of the 
drum act?- as a common path to both ropes. The extra wear 
and tear on the middle of the drum due to this double user is 
infinitesimal, and this conj-truction is better practice than to 
make the drum so wide that such overlapping is not necessary. 
The drum shell, which is lagged with oak, is supported by 
wrought-iron arms, which are riveted to heavy angle-iron rings. 
At each end of the drum brake rings are fixed in such a manner 
that the brake pressure is taken directly by the arms. 
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The drum shaft is of mild, open hearth steel, while the motor 
shafts, which are coupled thereto, are of Siemens-Martin steel. 
The shaft rests in four bearings ; the middle bearings, winch 
carry the drum, are pro\"ided with special lubrication from 
an oil tank fixed on the engine-house wall. The two outer 
bearings which support the ends of the motor shafts only are 
provided with ring lubrication. 



Brakes. — There are two sets of Whitmore post-brakes 
(Fig. G7), one on each side of the drum, which are so connected 
that they act both as emergency and working brakes. The 
brakes are of the falling weight type, the weight being hfted 
by an air cylinder controlled by a three-way valve con- 
nected to the lever on the attendant’s platform. Under 
ordinary working conditions the brake is actuated by 
the attendant’s lever. To actuate the brake under emer- 
gency conditions the turning of the three-way cock is 
automatically done by levers connected to the over-winding 
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(h-vit i- Tilt' Lrake At eight Atlieii talhng brings the interlocking 
uear into tu tiun. niiich inove> the controlhng lever into zero 

pfl-ltlUll. 

The coinpre'-eil air pl.int required for operating the brakes 
eon->i-t> of a -inall air eompre^«or driven by a 3 h.p. motor 
A\ith an air ve-''-el of -uitablc size, in which a pressure of 70 lbs. 
per '■quare inch is kept up by an automatic governing device. 

The brake act'' a^ an enn-rgtuty brake — 

(1) When relea'cd by hand by means of the emergency 

r-uitch placed m front of the attendant’s platform ; 

(2) \Vhen released by the depth indicator in the case of an 

over-uind ; 

(3) When relea'cd b\ the brake magnet if the exciting 

current fails ; 

(4i When the compre>'ed air supply fails ; 

(.3) When released by the automatic cut-out in the main 

circuit. 

In each case the controlhng lever is brought back into the 
zero position and held there by a spring. 

Depth Indicator. — The depth indicator (Fig GS) takes the 
form of a vertical column provided with two heavy square- 
threaded spindle=!, wliieh are positively driven by chain gear 
from the drum shaft. The rotation of these spindles causes 
travellers carrying the indicators to move up or down and so 
show the position of the cages in the shaft at anj^ moment. 
As the cage approaches the bank a rolling contact on the 
indicator traveller trips a lei'er and causes a gong to be sounded, 
which gives the attendant due notice to puU the controlling 
lever back to the zero position. Should the attendant fail 
to bring the lever back into the zero position a roller on the 
traveller comes into contact with the curved lever, which 
actuates a system of rods and links and thereby forces the 
controlling lever back nearly into the zero positicm, so automati- 
cally reducing the speed of the winder. 

In order to prevent the attendant pushing the controlling 
lever over too rapidly and so accelerating at too high a rate, 
a retarding gear is provided which takes the form of a curved 
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in contact with the before-mentioned roller, so arranged 
that the roller has to be worked out of the way by the screwed 
spindle before the lever can be pushed over to the full-speed 
po-ititjn. 

In the event of an over- wind occurring the traveller on the 
depth indicator releases a catch, which by means of a system 
of links and levers causes the emergency brake to act, and at 
the »ame time opens the automatic cut-out and so cuts off the 
supply to the winder motors 

The operation of the automatic cut-out closes a relay circuit, 
\\hich interrupts the supply of current to the brake magnet, 
so that Its core falls, causing the emergency brake to come into 
action. 

It is sometimes necessary to wind the cage above the normal 
level, and to allow this to be done a spring-catch is fitted on the 
emergency lever, which can be raised and the desired over-wind 
effected. 

In order to prevent the possibility of the attendant throwing 
the controlling lever right over while the brakes are applied, 
when the brake is put on it pulls the curved lever over and so 
indirectly interlocks the controlling lever. The depth indicator 
standard also carries an ammeter, volt -meter, and an air 
pre-'-ure gauge, thus showing the attendant the condition of 
his plant at a glance. 

Speed Indicator. — A Karlik Tachograph, or recording speed 
indicator (Fig. GS), which gives a complete continuous record 
of the number of winds and the speed of each -wind throughout 
the day, is driven by a small belt from the depth indicator 
spindle. The scale of the record is such that a rope speed of 
110 ft. per second corresponds to a height of diagram of 1 in. 
The chart is about 3 ft. 6 in. long ; the drum upon which it 
is mounted is controlled by a spiral thread, which allows it 
to fall about 1^ in. per revolution. One revolution takes two 
hours, and the paper gives a continuous 24-hour record. 
Fig. G9 is a reproduction of a portion of a chart, and shows 
a record of winding during four §-hour periods. 

Wiadler Kotovs. — ^The winder is provided with two motors 
directly coupled one on either side of the drum shaft (Figs. G7, 
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Gs). Each machine consists of a separately excited 250 
volt 1,000 h p, motor, having twelve main poles and provided 
with inter-poles to prevent sparking at the brushes. The 
machines are connected in series, and can be run with 4,000 
amps, in one direction down to zero, reversed, and run up to 
4,000 amps, in the other direction, with fixed brush position 
and no sign of sparking at the brushes. 



Fig GrlO. — Ilgner set, Ferndale ; ^-howing iiy- wheel. 

Ilgner Motor Generator. — In order to overcome the fluctua- 
tions from zero to 1,200 h.p. an Ilgner Fly-wheel Motor 
Generator set is provided, which stands at the end of the engine- 
room at right angles to the winding drum shaft, as shown in 
Figs. GXO, Gil. The duty of such a motor generator set is to 
store the energy given out by a three-phase motor, during the 
periods when no current is required by the winding motor, in a 
fly-wheel mounted on the same shaft as the three-phase motor 
and a continuous current dynamo which supplies the current 
to the winding motors. The energy given out by the fly-wheei 

A.B.F. ^ 
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when fctartmg the winding motors, as the demand 
then i!! fur in cxeess of the average output required for the 
wind. 

To enable the fly-wheel to give out its energy it is, of course, 
neee-'^ary that the speed of the motor generator should decrease. 
\Mien no more power is required by the winding motor, i.e , 
(luring the period of retardation of the winding motors, the 



Fig. (ill — Ilgner set and speed regulator, Ferudale. 


three-phase motor speed increases, so increasing the speed of 
the fly-wheel and restoring energy therein. 

The motor generator set consists of : — 

An induction three-phase motor with an output of 700 h.p. 
at 500 to 425 r.p.m., wrhich takes energy at 2,200 volts as 
generated by the power station. 

A continuous current dynamo designed for 500 volts and 
furnished, with compensating poles, the exciting voltage of 
which is 220 volts, but can be raised to 240 volts for regulating 
purposes. 
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A flexible coupling of the Zodel Voith in'^erted betw'een 
the three-phase motor and the generator. 

A clutch of the magnetic tyi>e inserted between the 
generator and the flj^-wheel, so that the motor and generator 
can be run with or without the fly-wheel 

Fly-wheeL^ — The fly-wheel which is u&ed to equalise the 
load has an outside diameter of 12 It. with a width ot face 
of 2 ft. G in 5 and weighs 30 tons. The peripheral ^peed is 
105 yards per second. It is turned all over so as to reduce the 
air friction losses, and is covered with a w rought-iron casing. 

The fly-wheel shaft runs in heavy bearings provided both 
with ring lubrication and forced lubrication The oil pre*-'>ure 
under the bearings is about 150 lbs. per square inch at starting 
and 50 to 60 lbs. when the fly-wheel is running. Contact 
thermometers and an electric alarm bell circuit are provided 
to indicate any abnormal rise of temperature in the bearings 
(Fig. GV2). 

Fly-wheel Brake. — In order to stop the fly-wheel in ca'^e ot 
emergency a Foucault Magnetic brake is pro\ ided. by w hich 
the fly-w'heel can be stopped in about seven minutes. 

Slip Regulator. — In order that the fly-wheel may give up 
its stored energy during the fluctuations ot the load an auto- 
matic slip regulator is provided, which switches resistance into 
the rotor circuit of the three-phase motor as the over-load 
comes on. 

The contact apparatus is in the form of an induction motor, 
the stator frame of which is pivoted so that it is capable of 
partial rotation, and is kept in position by means of controlling 
springs. The rotor of the contact apparatus is driven by means 
of a flat link chain direct from the motor generator shaft, and is 
connected to the high tension network through a transformer. 
The stator is connected in a similar manner to the slip-rings of 
the three-phase motor. The smallest speed variation of the 
main motor causes a corresponding variation in the speed of the 
rotor of the contact apparatus. This speed variation deter- 
mines the position of the floating stator, which makes contact 

H 2 
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iit each end of the limited path through whic-h it can travel, 
and ."u energi-es the magnetic circuits on the resistance 
.'.witch. 

The re^i'-tanee 'witeh eon-'i-t-t of a contact switch in the form 
of a commutator with a vertical spindle (Fig. Gtl), the separate 
hi'gnicuts of whicii are connected to the metallic resistances, 
which are lixed in the ba-einent To prevent the destruction 
ijf the contact hru^he.' the switch is provided with three rollers 
which act '.parking piece-.. In the foot of the .standard 
carrying the comnuitatftr 'Witch i'. placed a small motor which 
dri\i'' a rucking whei*! upon the edge of which broad teeth are 
cut. Over the edge of tin... wheel a pair of double magnets are 
centrally mounted with pawl< attached to their ai'inatures. 
Wlieii no current i' passed through the magnets both the 
pawls are ili'Cngaged from the teeth ot the wheel, but as soon 
as one of the magnets is energised by the circuit havmg been 
made at the contact ap])aratus. its corresponding pawl engages 
with the w heel and so ean.-'Cs the commutator switch to revolve 
until the contact is broken and the pawl I'eleased bj’ the 
magnet. 

The .slip-regulator can be adjusted so that the time during 
wluch the energy in the iiy-wheel is restored can be varied. 
'i\Tien rapid winding is in progress the fly-wheel must be 
recharged with energy inore quickly than when, as during slack 
times, only occasional winds are required, so that by this 
apparatus not only are fluctuations due to the Avinder diminished 
by the action of the fly-wheel, but the fluctuations due to 
charging the fly-wheel itself can be regulated and controlled. 

The magnetic coupling between the fly-wheel and the djmamo 
enables the motor generator to be run either with or without 
the fly-wheel. It is important in sets of this description to 
remember that the coupling is only closed when both the 
fly-wheel and the motor generator are standing still. 

Exciter Hotor Generator. — ^For the excitation o£ the winding 
motors and of the generator of the Ilgner set, a separate motor 
generator is provided. This set has an output of 25 k.w., and 
runs at 750 r.p.m. It also provides current for the air com- 
pressor motor and for the oil pomps. 
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Switchboard. — ^The switchboard consists of five panels, the 
high tension gear being of the usual thi'ce-pha'^.e oil sufitch type. 
The panels are allocated as under : — 


(1) Continuous current circuits for excitation ; 

(2) Continuous current circuits for j 


pump motors ; 

(3) Exciter motor generator three- 

phase switchgear ; 

(4) Ply - wheel motor generator 

three-phase switch-gear ; 

(5) Incoming feeder switch-gear. 

Connections. — A complete diagram of 
the connections of the Ferndale Winder 
is shown in Fig. Gl2. 

Operation. — The important feature in 
this winding plant is its immunity from 
the effects of faulty manipulation on the 
part of the attendant so long as the 
working parts are in proper order. The 
direction of rotation of the drum is 
regulated by the position of the con- 
trolling lever, a suitable contact on 
which reverses the current in the field 
of the continuous current generator of 
the motor-generator set. The safety 
devices allow the attendant a free 
hand so long as he keeps within the 
prescribed limits. So soon, however, 
as he oversteps the mark, either by 
r unning at too high a speed or neglect- 
ing to slow up at a proper time, the 
safety devices act. The human element 
is therefore eliminated as much as 
possible, and danger from faulty mani- 
pulation is avoided. 

In order to demonstrate the reliability 
of the safety devices the winder has been 
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repeatecllj' started, up and then left to complete the wind 
automatically, which it did invariably without the slightest 
irregularity. 

Fig. Gia is a portion of a recording watt-meter chart, which 
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shows the total input to the winder under no load and full load 
conditions. 

Fig. G14 shows a record of a tjTpical normal wind. 

The schedule of particulars to which the plant was ordered is 
given in Table G2. 
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TABLE G2. 


Depth of wind 

560 yards. 

Output per day of nine hrs. 

1,800 tons 

„ „ wdnd 

3 „ 

Maximum speed 

C.3'2 ft. per see. 

Accelerating rate 

2-815 „ 

Retarding rate 

4-39 „ 

Average speed 

3/ ‘5 ,, „ 

Duration full speed. . 

S' 15 secs. 

,, accelerating 

22-45 „ 

,, retarding . . 

14-4 „ 

,, banking . . 

10 

,, of complete wind 

55 

Rope circumference 

oj in. 

,, weight per yard 

15} Ib^. 

"Weights — 


Cage and bridle 

10,500 lb«. 

Two trams . . 

2.240 „ 


Messrs. Lahmej^er, who were the contractor-v tor the plant, 
gave the following guarantees : — 

Winder icorhing at Full Load. 

Consumption of energy . . o7o B.T U per hour, 

with a 4 per cent, 
margin. 

Fly-wheel Set. 

Energy to be taken by the fly- 
wheel set when the A^inding 
drum is standing but all the 
auxiliaries working, not to 

exceed . . . . . . 67*6 B.T.U. per hour, 

with a 10 per cent, 
margin. 

The winder was ordered while the shaft was being simk, and 
as the depth originally contemplated was not quite reached, a 
correction has to be made for the actual depth, 516 yards 
instead of 560 yards. The acceleration and retardation being 
the same as that contemplated in the contract, the decreased 
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distance to be travelled is taken out of the part of the journey 
which is run at top speed, and as the top speed is 62'3 ft. per 
second, the difference between the intended and the actual 
depth of 44 yards calls for a reduction of 2' 115 seconds in the 
time of the ■wind, making the duration of the complete wind 
52' 88 seconds including b anking , instead of 55 seconds, as 
contemplated in the contract. 

Tests. — A consideration of the tests, taken to ascertain 
whether the winder complied with the guarantees, ■will bring 
out a few important points, so may be useful. 

Energy taken at Light Load. — Several tests were taken to 
determine the energy dra^wn from the mains when the drum 
was standing, with the fly-wheel set and the auxiliaries running. 
The average showed 06 k.w. per hour, which compared favour- 
ably with the guarantee of 67'6 -with a 10 per cent, margin. 

Full Load Test. — In a new pit, owing to the restricted space, 
it is difficult to store the amount of coal necessary to provide a 
full load test for a winder. 

Preparations had been made and coal had been accumulated 
near the pit bottom in ■view of the test. During the test fifty 
winds were made, as recorded by the Karlik Indicator. Each 
wind consisted of two wagons of coal ; the total weight of coal, 
a.s recorded by the official weigher, was 134 tons. The average 
weight of coal per udnd was therefore 2'68 tons instead of 
3 tons, as contemplated by the contract. 

Correcting the full load guarantee for the difference in the 
depth of the pit between the actual conditions and the condi- 
tions upon which the guarantee was based, the foUo'wing figures 
are arrived at : — 

Corrected guaranteed energy per hour . . 586 B.T.U. 

,, ,, ,, ,, wind . « S 23 ,, 

,j ,, , „ ton of coal 2'74 ,, 

■with, of course, the margins provided in the contract. 

The result of the test corrected for full 3-^ton loads showed 
Energy consumed per wind . . . . 7*77 B.T.U. 

„ per ton of cofd . . . . . . 2-59 „ 

which showed a performance 5^ per cent, better than the 
guarantee. 
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Table Gs shows a summary of the test : — 


TABLE 03. 


1 > 

1 ^ i 1 I > f T ’ ' 

From 

! 

1 

1 Till 

1 

Mean 1 , Prt Per i P. r P. ■ i', . i>. r 1 -, 

i i Hn..i WiiMi 1,,.. H..” M i 1 

Wini] 1 ; M.aii 111 L- ij 1 r li i.f i; 1 L B ! r i; 1 1. 

I , j ' 1 

9 18 15 

1 

1000 

1 i ' 

1 Saturday 12th June lOaU 

.“7 3 1 •*> i [ 134 , 2 > 23 2 74 72'^ 7 77 2 “1^ 

'ill 


Shaft Friction. — The contractors’ guarantee was based on a 
shaft drum and rope efficiency of 82J per cent., which means 
that 173 per cent, of the total power m ^\-inding would be 
absorbed by friction. This friction oppose.^ motion, and. a-, 
previously mentioned, can be expres.sed in lbs. weight. The 
guarantee was based on a friction equivalent to 1.426 lbs. weight 
lifted, and the total dead load on the winding rope would be 
6,720 lbs. + 1,426 = 8,146 lbs , when 3 tons of coal are uound. 
In order to determine the actual friction a ^pecial sene' of 
tests was carried out. 

The ascending cage was loaded with two eniptj’ wagons and 
the descending cage with two wagons containing a known 
weight of stone. The brakes were then released from the drum 
and the loaded cage allowed to travel freely down the 'halt. 
The time was taken when the drum commenced moving, and 
then again after a definite number of revolutions. 

If M = the total mass in motion, reduced to the rope, 

W = the weight of the stones, 

P = the friction, 

then W — F is the accelerating force, and the rate of accelera- 
tion A^co = 

W - P 
M 

The travel S during T seconds is equal to 

A^X-P. 

2 
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Ah S and T are known, A^, ^ maj" be calculated, and equals 

2 X S 
T“ 

il, W, and Aan- being known, the friction / is obtained from 
the equation 

_ W — F 

^ 

Three te^^ts were made -with the stone-loaded wagons in one 
cage, and then in the other cage, so that any out-of-balance 
effects would be cancelled out. 

Te^t 1 — The drum made 12 complete revolutions in 
74 seconds. The length of rope corresponding to one revolu- 
tion is equal to 50‘3 ft., therefore the acceleration = 0‘22 ft. 
per .second per second. 

In this test the Karhk Speed Diagram showed that the 
acceleration was not uniform — ^in other words, the friction 
varied due to the brake sticking on the drum. 

Te-sf 2 . — The drum made 11 complete revolutions in 

4S seconds, hence 

A.I. e = 0 479 ft. per second per second. 

Tesf 3. — The drum made 13 complete revolutions in 

04 seconds, hence 

Aa,.. = 0 31 S ft per second per second. 

Test 4. — ^The drum made 12 complete revolutions in 

55 seconds, hence 

Aacp = 0 399 ft. per second per second. 

Test 5. — ^The drum made 16 complete revolutions in 

73 .seconds, hence 

Aacc = 0’302 ft. per second per second. 

Test 6. — ^The drum made 15 complete revolutions in 

62 seconds, hence 

Aa,,c = 0'392 ft. per second per second. 

The nett weight of stones in the wagons was 2,639 lbs. 
Discarding the first test, when the brake stuck, the average 
acceleration is found to be 0*38 ft. per second per second, and 
from this figure the total shaft friction works out as 1,236’7 lbs. 

The guarantee was based upon 17^ per cent, of the total 
power used in winding, which would be 1,426 lbs. 

The total dead load on the rope during winding was therefore 
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2'68 tons ot coal + 1,236'7 lbs., eq[ui valent friction = 7,237 lbs., 
anti the shaft efficiency = S2‘ti9 per cent. 

It is often cliificult to run a. test in a generating station owing 
to the staflE engaged, not being accustomed to the work:, but when 
the test not only includes new* machinery but includes new men 
and a new pit, the difficulty in getting everything to run like 
clockwork is enhanced, but the result of these tests was con- 
«^idered very satisfactory. 

Summary Table. ^For convenient reference the leading 

particulars of examples of each of the twelve types enumerated 
are given in Xable G4. The twelve types are not exhaustive, 
as other varieties exist, but suffice to give a general idea of the 
way in which the problem of electric winding is being solved- 
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VE:NTrLATI03f AND AIE CO-MPEESSESG 

Ventilation. — The reason for ventilating mines is to make the 
air suitable for working in, both as regards its purity and 
temperature. The impurity may be due to gases given oti 
by the ground through which the workings are driven, or it 
may be due to the products of combustion of the explo.'ive^ 
used. The temperature is due to tlie natural increa'^e in the 
temperature of the earth, which is at the rate of about 
P F. for every 70 ft. in depth below 50 ft. from the surface. 
There is no definite rule as to increase by which the temperature 
which w'ould be met in any particular pit can be calculated. 

In South Wales the average rate of increase vanes truiii 
1- F, in 76 ft. to F F. in 05 ft. 

In Lancashire it varies from 1 F. in 60 ft to 1 F. in 5>0 ft 
The hottest normal temperature in any coal mine in the 
United Kingdom is stated by Mr. R A S. Redmayne. in hi> 
“ Modern Practice in Mining,*’ Vol. IV., p. 20, to be at Pendle- 
ton Colliery, where 94" F. is recorded at a depth of approxi- 
mately 3,245 ft. The same writer also records a temperature 
of 84° F. at a depth of 3,772 ft. in a Belgian mine. 

A visit to a Turkish bath easily establishes the fact that hot, 
dry air can be breathed with much less inconvenience than a 
damp atmosphere which is at a much lower temperature. The 
physiological effect of moisture in the air at different tempera- 
tures has been the subject of much investigation, and it appears 
to be agreed that workin g in saturated air at 75" F. is difficult ; 
at 95° F. it is impracticable, although men can work in dry air 
of 100°- to 120° F. in temperature. 

The Coal Mines Act, 1887 (section 49, rule 1), called for such 
adequate ventilation as would dilute and render harmless any 
gas given off without establishing any standard of either 
ventilation or impurity. 
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The Coal Mines Act, 1911, section 29 (3), establishes a 
standard ot purity — the air must not contain less than 19 per 
cent, of oxygen or more than IJ^ per cent, of carbon dioxide, 
but It prescribes no limits of temperature or moistiu-e. 

This legislative direction is interesting and important in viev^ 
of the statement made by Dr. J. Harger in papers read by him in 
January and February. 1912,on ‘‘Dust Explosions and their Pre- 
vention," before the Liverpool Section of the Society of Chemical 
Industry, and the Manchester Geological and IVIining Society in 
Manchester. Dr. Harger, after referring to facts relating to 
combustion and respiration, stated that while neither a candle 
nor an ordinary oil lamp would bum in air in which the oxygen 
was reduced to 17 per cent., a man could do continuous hard 
work in such an atmosphere and not notice any difference from 
ordinary air Xo shortage of oxygen is noticed until the 
proportion is reduced to below 14 per cent. At 12 per cent a 
shortage was marked, at 10 per cent, a dangerous point is 
reached, and at 7^ per cent, life is extinguished, just as a 
candle is extinguished at 17 per cent. 

Dr. Harger has been studying the question for some time, 
and has formed a hypothesis that the oxygen percentage of the 
air is a vital factor in dust explosions. He has tested his 
theory by actual experiments, and finds that a reduction in the 
oxygen necessary to prevent explosions varied with the 
different coals and viith the method of working. In most 
mines a reduction of 1 per cent, in the oxygen suffices ; in 
others a reduction of nearly 2 per cent, of the oxygen with 
nearly 5 per cent, of carbon dioxide was necessary to render 
them safe. Absolute safety was secured if the reduction in 
oxygen was made to 17 J per cent, with | to 1 per cent, of 
carbon dioxide, not only from coal-dust explosions, but from 
fire-damp explosions. Such atmosphere, he states, is as good 
as ordinary air for respiration. If these laboratory and pro- 
visional experiments are corroborated by experiments on a 
larger scale they will point to the advisability of less ventilation 
in the mines. 

In his “ James Forrest ” Lecture (Proc. Inst. Civ. Eng., Vol. 
CLXXX\T., p. 389), Dr. Hatch states that the South African 
Mining Regulations compel a supply of 70 cub. ft. of pure 
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air per man per minute to bo bent into the mine, but owinti 
to the difficulty of enforcing this btandard an attempt i^ being 
made to get the quantity regulation varied in favour ot a 
quality standard. 

Systems of ventilation by natural draught, by turnace-. 
and by slow-speed fans driven by .steam engmes are gradually 
giving way to ventilation by high-speed fans, which lead 
themselves well to electrical driving. In some quarter- the 
driving of ventilating fans by electric motor* is not received 
with favour, as the steam engine has been con-idered more 
reliable than an electric motor, and the long user of the fan i- 
in favour of a steam engine, as the steady load eliminates 
stand-by losses and so discounts the saving due to electric 
driving. 

An up-to-date steam engine and boiler equipment will 
develop a brake horse-power hour on a fan shaft for le-- coal 
than tvould be necessarj* to develop the -ame power gene- 
rated and transmitted electrically Electric driving, however 
reduces the cost of the labour m attending to a tan but the 
chief reason for driving fans electrically i* mo-t appitciated 
w'hen their steady load is combined with the mteimittent load 
of haulages, &c , and the effect ot the joint loatl-faetor on the 
power station is considered 

H M. Chief In-spector of !Mines, Mr R A. S Reilmayne 
in his Report on the Explosion at Hulton Colliery in December. 
1910 (Cd 5692, p. 37), states — 

“ In my opinion it is inadvisable to drive the mam met hamcal 
ventilator of a mine by an electnc motor of fixed speed. A fan 
cannot be regarded as an apparatus which is subject to an 
unvary^ing speed ; it may at any moment be found necessary 
to considerably increase or decrease the number of its revolu- 
tions, depen din g on the condition of the mme, for which purpose 
steam is the most adaptable power, and it is w’ell to have a 
spare or stand-bye engine in case of breakdown, a fact well 
recognised and carried out in some instance.s.” 

Granted, a fan is not to be regarded as an apparatus to be 
run at a constant speed, or rather that it must be so arranged 
that it can readily and economically deliver varying quantities 
of air as may be called for by the conditions of the mine. In 
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a large fan this inean^ that speed regulation must be provided 
of "uch a nature that the fan can readily deliver more or less 
air than the normal quantity. In small fans, such as are used 
for auxiliary ^•entilation. the conditions may be economi- 
cally met by throttling. There is no difficulty in regulating 
the speed of a continuous current electric motor. In his 
Report, above quoted. Mr. Redmajme would appear to have 
had in mind poh^ihase motors, which at one time were con- 
sidered unsuitable for fan driATng, due to their constant speed 
The author, however, showed some years ago (Proc. S. Wales 
Inst. Eng., Vol. XXVI., 1909) that tliis defect could be got 
over comparatively ea'=;ily. Since he adopted the method of 
regulation described later, it has been freeh’’ used, and now 
the Sandyeroft Cascade Motor (p. 161. ante) has been developed, 
it. as well as other systems which will be mentioned, appear 
to offer considerable advantages in this direction. 


Mechanics of Ventilating Fans. — In order to fully appreciate 
the difficulties encountered in driving a fan by an electric 
motor it is necessary to briefly review the characteristics of 
fans in general. There are tliree fundamental laws governing 
fan<, viz. — 


For 

constant 

resistance 

or 

orifice 


(1) The air discharge varies as the tip 

speed of the fan ; 

(2) The gauge reading varies as the square 

of the speed; 

(3) The power varies as the cube of the 

speed. 


In practice it is found that the power does not varj’ quite as 
the culje of the speed. Tests show that the variation is more 
closely as the 2-oth power of the speed. 

To calculate the air h.p. of a fan, the following formula is 
used : — 


Air h.p. 


V,. X WG X 6*2 
33,000 


where = the volume of air delivered in thousands of cubic 
feet per minute, 

and WG = the water gauge in inches. 
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The o'2 is explained by the fact that a cubic foot of water 
at 62" E, under 30 in. barometer pressure weighs 02‘35o lb-., 
consequently the pressure per square foot due to each inch 
. 62 355 


water gauge is 


= 5' 196 lbs., or, rounded off, 5 2 lb< 


The b h.p. of a fan = air h.p. divided bj’ the efficiency of 
the fan. 

The general formula governing air velocity is the same as 
the law governing the velocity of falling bodies, viz., v = \ 2 gh. 

3Iurgue’s Equivalent Orifice. — ^]VIr. Murgue (Bulletin de la 
Societe de ITndustrie Minerale, Series 2. 1873) compared every 
mine to an orifice in a thin plate, which he called the "■ equiva- 
lent orifice.” By this means all existing mines can be compared 
by the sizes of their orifices. The equivalent orifice of a mine= 

Vo Vo 

O = 0-403 g gg df 

V 2sr X 

where \/ 2ar — x ^ stands for velocity v. 

^ \2 di 

The formulje connecting the orifice with the quantity of 
air and the WG as generally stated are — 

f \ o 0*4 \ u 

° = VWft- 

_ 0\/WG 


(c) WG = \ 

Vv^here O = Murgue’s equivalent orifice, 

Vo = the volume in thousands of cubic feet per minute, 
0-65 = the co-efficient for vena contracta taken by 
Murgue, 

g = gravity, or 32*2 ft. per second per second, 
h = the pressure in inches of water, 

WG = water gauge in inches of water, 
di = mean weight of air, 
ds — weight of a cubic foot of water. 

In Murgue’s formtda it is assumed that the densities of air 
and water are respectively 1'2 and 1,000, or, in other w'ords, 
water is 833 times heavier than air. 


A.£<.P. 


O 
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A perfect fan would produce a volume of air proportional to 
the eq^uiralent orifice, and the curve would be a straight line. 
Owing to the inherent resistance of the fan the straight line 
is never obtained in practice, and a curved one takes its place. 

Air Regulation. — At a colliery, regulation of the air delivered 
bj* the fan is essential ; not only must the volume of air be 
varied according to the state of the weather, but at week-ends 
when no men are in the workings the volume of air may 
be economically reduced. This reduction is generally from 20 
to 30 per cent, of the volume normally delivered. 

The volume of air can be regulated in two wa 5 ’s — 

(a) By altering the tip speed, i.e., the revolutions of the fan ; 

(&) By throttling. 

If the fan only and not the motive power had to be con- 
sidered, the first-named method would be very efficient, as the 
power taken varies as the cube of the speed, with constant orifice. 

As regards the second method, this is a wasteful process, as 
obstructing the air passage is equivalent to decreasing the 
equivalent orifice, so that although the air volume will be de- 
creased in direct proportion, the WG will theoretically remain 
unaltered for a fixed tip speed of the fan ; consequently, the 
power will only vary directly as the reduction in the volume. 

Electrical Problem. — The chief problem w^hich the electrical 
engineer has to solve is efficient speed regulation. With a 
continuous current motor this does not present any trouble. 
If the fan is driven by a shunt motor, the regulation can be 
effected by field control. In this case it must not be overlooked 
that the shunt motor wRl be working at its highest output with 
a weakened field ; consequently the machine must be designed 
for these conditions, and will be much larger than a shxmt motor 
for constant speed conditions. 

As regards driving fans by three-phase motors, until recently 
there was a choice of only three ways to reduce the volume of 
air, viz. — 

(1) By rheostatic control ; 

(2) By altering the number of poles of the motor; 

(3) By cascfule control. 
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(1) The first metliod has the advantage of being extreinely 
simple and reliable, and as reliability is the prime con*^ideration 
for a mining fan , this method deserves careful eon'-ideration On 
the other hand, it must not be forgotten that this i*^ a very 
wasteful process, as the efficiency of the drive practically 
decreases directh" as the decrease in speed. 

(2) The second method is not to be recommended for general 
application, as it does not lend itself to the design of a high 
efficiency and high power-factor motor. 

(3) If, however, instead of a resistance in the rotor circuit 
another motor is inserted in cascade, then the energj' which is 
otherwise wasted in the rotor resistance can be re-converted 
into mechanical work. The statorof the second motor receive^ 
its energy from the rotor circuit of the fir^t motor and the 
two rotors are rigidly coupled to the same '-haft ; the ^peed of 
the set with the two motors coupled in cafecade not only 
depends upon the number of poles in the fir>t motor, but on 
the sum of the poles in the main and cascade motors. 

To take a case in point : A four-pole machine will run at 
750 r p.m. on a 25-cycle circuit ; if to this motor is connected 
in cascade a t\vo-pole machine, the speed ot the combination 
will be 500 r.p m., so that w'lth the above arrangement it would 
be possible to run at full speed on ordinary weekda\"» and at 
two-thirds speed during week-ends. In some ca^es, however, 
the advantage gained by cascade control is more imaginary than 
real, as it must not be overlooked that the efficiency ot the 
arrangement is the combined efficiencies of the two motors, 
and this, especially when the motors are small and working at 
reduced output, maj^ result in a very small gain. 

As stated generally above, speed regulation by resistance in 
the rotor is wasteful. This mainly applies to cases w'here 
constant torque or increased torque is required at reduced 
speeds. How^ever, in the case of a fan, as we have seen the 
power for driving varies approximately as the cube of the speed. 
Take the case of a fan requiring 125 h.p. on full load at 
255 r.p.m. ; reducing this speed to half, or 127| r.p.m., will 
theoretically bring down the power absorbed to 15*6 h.p. 
But reducing the fan speed 50 per cent, does not waste 50 per 
cent, of the full input of the motor, as only 50 per cent* of the 

o 2 
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energy of the motor L actually taken from the supply at the 
raoment, or, say, 121 per cent, of the full load input. 

Cascade Control. — The author was responsible for putting 





down an ordinary cascade system for driving a double inlet 
steel plate Schiele fan, 10 ft. in diameter, with self-aligning 
bearings and ring oil lubrication, capable of exhausting 100,000 
cub. ft. of air per minute at 4 in. WG when running at 
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255 r.p.m. It was driven by cotton ropes from a 125 h p. 
three-phase 25-cycle motor. The motor was arranged on the 
cascade sj^stem, the main motor having four poles, the small 
motor two poles with suitable switches to give alternative 
speeds of 4S5 and 720 r.p.m. 

This arrangement was adopted, as regulating by a re-'istanee 
in the circuit of the motor was considered and turned down, 
the consensus of opinion appearing to be against it on account of 
its reputed inefficiency. 

Rheostatic Control v. Throttling. — After the above fan was 
put to work some eight years ago the author further con- 
sidered the question of regulation and made some experiments 
upon this fan. 

When a fan speed is varied the power vaiies approximately 
as the cube of the speed ; hence when a motor is driving a fan 
and its speed is reduced by the insertion of re-i^tance in the 
rotor circuit, the torque, due to the resistance, i.s greater than 
that called for to drive the fan at the reduced speed . the result 
is a compromise of a new' speed with a lower torque and reduced 
current. 

Fig. Ill shows m curve A the result of regulating the Schiele 
fan by throttling in the air drift and by the insertion of resist- 
ance in the rotor circuit respectively. The effect of the 
change of speed due to the cascade is also indicated. 

The cascade arrangement gave no choice of steps between 
full speed and slow speed, while with the regulating resistance 
several intermediate speeds could be obtained. 

A comparison of the throttling curve and the speed regulation 
curve show's that the same volume of air may be delivered by 
each, but at a considerably decreased input in the case of the 
speed regulation by resistance. 

The above trials, w'hich were only made with temporary 
resistance gear, appeared to be so promising that arrangements 
w'ere made to apply the system to other fans. Two further 
fans were required to be put dow'n in place of old steam- 
driven Waddle fans, w’hich were about 45 ft. in diameter 
with 16 ft. inlets, having a duty of 120,000 cub. ft. per 
minute at 2 in. WG. It was arranged to put down duplicate 
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tan<, rope* ciii\-eii. and of a larger ultimate duty than -was 
initially required. 

The duties called for were : — 

llfimrite. Iiiitinl. 

cub. ft WG. cub. ft. WG. 

(1) 125,000 at 4 3 in. 111,500 at S'o in 

(2) 150,000 at 3‘5 in. 131,500 at 2'75 in. 

For the sake of uniformity and duplicate parts a little 

sacrifice was made in efficiency and duplicate plants put down 
in each case, the only difference being the speed at which the 
fans were run. 

Fig. II-2 shows the general arrangement of one of the fan 
houses, the ground floor of which was used as a transformer 
sub-station. 

Sirocco Fan. — The fans chosen are of Messrs. Da\ridson’s 

Sirocco " tj-pe. 77 in. in diameter, with double inlets 77 in. 
diameter. They are driven from either end of the shaft by 
means of nine 1^ in. cotton ropes. Clutch couplings are pro- 
vided on each side of the fan so that the rope drive at either 
end can be disconnected. Metallic resistances are used for 
regulating the speed and are designed to allow a continuous 
speed reduction of 30 per cent. 

The special feature of the " Sirocco fan is the short blades, 
which are concave to the direction of rotation and the large 
inlet. The fans are of small diameter and high speed, and so 
lend themselves readily to direct couphng to electric motors. 
Rope drivmg was adopted because the fans were put in for 
much larger capacity than would be required for some years to 
come. This condition was readily and cheaply met by putting 
a smaller pulley on the motor, which can be changed for the 
larger pulley calculated to drive the fan at full speed at a later 
date. 

Before Xo. 2 fan was put on to its permanent duty the oppor- 
tunity was taken to test it under fresh-air con<Rtions on a 
temporary drift with an adjustable orifice, and to determine 
the losses in the rope drive. The motor running light without 
ropes absorbed 5 k.w’. ; the motor, driving ropes and the short 
length of shaft carrying the pulley 16*5 k.w. The difference 
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between these figures is 10 5 k.w = 14 1 h.p.. an<l represents 
the power absorbed in the rope drive, including the friction of 
the two shaft bearings and the friction and windage of the ropes ; 
14' 1 h.p. = 7’9 per cent, of the full output of the motor, so 
that the friction of the rope drive may be taken a>s 8 per cent. 



8 8 I S 8 • 

KILOWATTS FROM MAINS 

Fig. H3. — “ Sirocco ’’ fan test, Ferndale. Efficiencies, 


of the f ull load, on the assumption that the friction in the 
rope drive is constant for the same speed. 

Curve B on Eig. Hi compares the result of throttling and 
speed regulation in the case of the Sirocco fan, which was driven 
off a temporary styiaTl pulley until the maximum amount of 
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air is required. The sa\’mg shovna by the speed-regulating 
arrangement i-;. very great as compared -with what can be obtain- 
able for the same electrical input under throtthng conditions. 
The relative shape of the A and B curves must not be taken as 
indicating the comparative value of the two fans, as they are 



not deigned for the same load, nor are they running under the 
same conditions. The curves are only shown to prove that 
for fam-driving speed regulation by a resistance is an economical 
smd convenient method. 

Several teets were made on these fans, and in working out 


KILOWATTS 
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the results it was assumed that the friction in the rope diive 
varied tlirectly as the speed. 

The air volumes were measured with an anemometer on the 
top of the chimney, which was divided into s(ju.ire~ hy line 
wires, the electrical reachngs being taken on two carefully 
calibrated watt-meters. 

Figs. 11:1, III, show two sets of these reading" Fig. ll:j 
shows the speed of the fan, the overall eflicieney, the volume of 
air delivered, and the fan efficiency. Fig. Ui shows the 
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AVERAGE VELOCITY = IS39 FT PER MINUTE 

Fig IIo.- -Distiibutiou of ah o\er top uf t.m (.Inmi'cy 

analysis of the efficiency, or rather of the inefficiency, a? it was 
calculated to show w'here the various losses occurred and to 
what extent they were electrical or mechanical. 

A further determination was made by measuring the velocity 
of the air entering the orifice, while the volume was also 
measured on the chimney top. The vena contracta of the 
orifice, which was formed in timber of about 2 in. thickne&s, 
was found to be in the neighbourhood of 0'80. 

Fig. H5 shows how the velocity varied in the twenty squares 
into which the chimney was divided. The point is interesting. 
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and doe^ not appear to have been publit^hed previous to 
the author's drawing attention to it (Proc. S. Wales Inst. 
Eng.. Vol. XXVI.. p. 890), when his figures were scouted as 
incorrect and inipO'!'=-ible. Further investigation, however, 
proved that the effect had been observed, although it had not 
been published. The author's attention was first drawn to 
it by the behaviour of wooden shavings or chips which he 
threw into the chimney, and which plaj’'ed about in the current 
as if alive, sometimes travelling fast up the side, then getting 
into an eddy, turning over towards the middle, and then 
dropping, till, when caught in another air current, they were 
once more projected upwards. 

Cnder certain conditions the effect may be exaggerated to 
such an extent that an actual down draught in the centre of a 
chimney ma 3 ’ be measured, and readings 50 per cent, and even 
150 per cent, higher at the side than in the centre have been 
noted. 

Walker Fan. — ^Another instance of rheostatic speed control 
of a different tj'pe of fan mat* be mentioned, where the pit was 
fullj* developed and the maximum capacity* could be utilised 
from the start. The dutt* specified was 400,000 cub. ft. of air 
per minute at 5‘5 in. WG, for which one of Messrs. Walker 
Brothers “ Indestructible " fans was chosen. The lajr-out 
included two 700 h p. motors direct coupled, one on each side 
of the fan, through claw clutches. The fan is 18 ft. diameter 
by 7 ft. 6 in. wide, and with double inlets 11 ft. diameter. 
The motors are provided with speed-regulation resistance of 
the metallic type, sufficient to reduce the speed 25 per cent, 
with twenty-seven intermediate steps. The upcast shaft upon 
which the fan works is also used for a winding shaft. 

As the shaft is a winding shaft without any system of air 
locks, one half of the shaft cover has to be lifted each time that 
a cage is banked, and sometimes when it is necessary to lower 
material down the shaft the cage has to be lifted considerably 
above the ground level, when fresh air can run in from the 
surface and short-circuit the resistance of the mine. While 
the oW steam-driven fan was in use the effect of the cage being 
above the surface was cwoly noticed by the engine slowing up. 
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but when a fan is driven by a thrce-pha^e motor the motor 
will try to keep up full speed, and the large volume of air 
which can then be handled may overload the motor. The teats 
recorded in the three columns in Table III were taken with a 
view of getting information upon this point. 


TABLE HI. 


Position of Cagp*?. 

! Coin mil 1 

Column J 

1 C.ijf r> ir 

Khji- 

r. ^ 

Both Covf^is 
Down. 

1 6 !*■ 
A 

Input, k w. . . 

466 

540-8 

608 

Input, e h.p. 

624 

725 

815 

Motor efficiency (per cent ) 

93*3 

92-7 

92 3 

B.h.p. fan shaft 

5S2 

672 

752 

Revs, per min. 

183 

183 

181 

Vols of air (c ft. per min.) 

388,800 

466,500 

524,4**0 

Water gauge (inche*^) 

6 8 

6*1 

5 25 

Air h.p. 

416 6 

448 4 

433 8 

Overall efficiency . . 

66 7 

61 0 

53 2 

Fan efficiency ... 

71 7 

GO S 

57*7 


Air Vibration. — A special feature in the Walker fan construc- 
tion is the anti-vibration shutter, which is designed to prevent 
the vibration set up in the air and blades of the fan when its 
various compartments are suddenly changed from atmospheric- 
pressure to the full water gauge at which the fan is working. 

The introduction of this anti-vibration shutter is very 
important for slow' speed fans, and followed the adoption of 
three Guibal fans made by Messrs. Walker in about the year 
1886 for the Metropolitan and District Underground Railway. 
The vibration caused by these fans was so unpleasant that an 
injunction against the railway company compelling it to stop 
one of the fans was obtained. When the makers heard of 
it, it occurred to them to incline the lower edge of the shutter 
instead of making it parallel with the axis of the fan, but it 
was ultimately decided to make the shutter like an inverted 
V, and this was found completely successful. The break^e 
of the fan shafts, and the loosening of bolts and rivets in fans 
generally, may be attributed to tlM excessive vibration which 
before the introduction of this improvement was inseparable 
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from their working. The vibration is caused by the too 
abrupt pas>age of the fan blades from the cliimney opening to 
the .shutter, which previou.sly had a line parallel to the tips of 
the fan blades. When the fan is running the pressure is against 
the front of the blades, but immediately the blade enters the 
fan casing the load upon it is suddenly removed, and the 
pressure, owing to the vacuum within the casing, is instan- 
taneously reversed, and a rebound upwards of the pre\dously 
depressed blade takes place. 

In a description of the Walker fan (Trans. Manchester Geo- 
logical Society, part 15, Vol. XXII.) a case is quoted in which 
experiments were made upon a Guibal fan. “ Readings were 
taken from a water gauge which was attached to the fan casing 
at intervals from the centre to the periphery above the fan 
shaft. At the centre the water gauge indicated 3 in., but 
near the outer edge or periphery it was half an inch. The fan 
was 24 ft. in diameter and ran at 80 r.p.m. Taking the 
average water gauge over the surface of the blades as 1^ in., 
it would represent a pressure of 7*8 lbs. per square foot, or a 
total pressure on each blade of nearly 500 lbs. Assuming the 
centre of the blade to be the centre of the load, the distance 
from the centre of the load to the centre of the fan shaft would 
be approximately 9 ft. Taking the work of one day of 24 
hours, the fan running at 80 r.p.m. — 8 blades X 80 revs. X 
60 mins. X 24 hrs. = 921,600. This product represents the 
number of times in a single day that a weight of at least 
500 lbs. is, as it were, instantaneously removed from the blades, 
and the shock resulting from the removal is transmitted to the 
fan shaft. The shaft is thus in a constant state of tremor, 
and sooner or later reaches its elastic limit. The consequent 
injury to the general structure of the fan is obvious.” Messrs. 
W^alker’s invention completely gets over this trouble by effect- 
ing a perfectly gradual change in the pressure on the fan blades. 

Sandyeroft Cascade Induction Motor. — ^An important improve- 
ment in tandem motor control has been effected by Mr. Hunt, 
of the Sandycroft Foundry Co. In the simplest form the motor 
is provided with a short-circuited rotor winding without slip- 
zings, and has the same characteristics as an ordinary slip-ring 
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motor. The starting or regulating resistauce.s are comieeteil 
to tappings in the stator winding, and the speed can be varieil 
from zero to full speed by adjusting the re4stanee.s. A 
development of this type is that in which the rotor has a double 
winding and is provided with three slip-ring,>. It runs at two 
efficient speeds without losses in resistance, the intermediate 
steps being obtained by rheostatic regulation. At starting 
it will develop the full-load torque taking only 0’7 times 
full-load current ; or it will start against twice full-load torque 
taking only 1*4 times full- load current. When faking a starting 
current equal to the full-load current it will develop about 
1‘45 times full-load torque. Therefore it will be understood 
that the losses in resistance when .starting or running at speed's 
below synchronism are far lower than tho&e of a ^lip-ring 
motor of ordinary design. 

For example, a motor with a rotor wound for 20 and 10 
poles will give fixed speeds corresponding to 10.20 and 30 pole«, 
or speeds corresponding to full-load speeds of 100. 50, and 33^ 
per cent. If the motor is woimd tor 20 and 30 pole<. we shall 
get full-load speeds corresponding to 100, 60 0 and 40 per 
cent. 

Take the case of a two-speed machine to be adapted for fan 
driving. If the colliery management require a reduction in air 
of one-third during the week-ends when the pits are idle, all 
that has to be done is merely to throw over the switch on the 
tandem contact, and the motor rims without any rheostatic 
losses. If, how’ever, the management specify a volume of 
air of 80 per cent, during week-ends, i.e., a speed reduction of 
20 per cent., the tandem motor in this case will not be more 
advantageous than the ordinary three-pha.se motor, as the 
20 per cent, speed regulation is above the tandem speed and 
only obtainable by inserting a resistance in the rotor. 

In cases where during the initial stages of development a 
reduced volume of air is required, the cascade motor offers 
great advantages, as the motor can be run at one-third or half 
speed, according to requirements, thus obviating the losses in 
gearing or rope drive and the changing over of the latter when 
the machine hsus to develop its full volume. 

The curves {Fig. H6) show the performance of a 300 h.p. 
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motor, with full spood of :Hio r.p.m.. regulated by a re'i>tauee 
in the rotor contrasted with the performance of a Sandyeroft 
Cascade motor arranged for two fixed speed-, the ca-eade -peed 
being two-thirds of the full speetl. The curve repre.-enting 
motor outj)ut has been drawn on the a-^umptioii that 
the power required by the fan varies a- 2 oth power of the 
speed. 

As will be seen from the curve, from full -peed to two-third- 
speed the los-s is the same, wdiether an ordinary -lip-ring motor 
or a cascade motor is u-ed. At this point, however, the ea-cade 
switch is closed, and the cascade motor now again run- without 
any resistance in the rotor, hence there is no rheo-tatic lo--. 
It is starting from this point that the great advantage of the 
cascade motor becomes apparent. Any further -peed regu- 
lation of the Sandyeroft motor can be effected by the re-i-tance 
in the stator tappings, and it will be seen that in the ca-e of 
the cascade motor the rheo-tatic looses are now proportional 
to the cascade speed, and not to the full -peed, a- is the ca-e 
for the ordinary slip-ring motor. (See also page Ihl, ntUn ) 

Regulation by Commutator Motors. — Within the la-t few 
years much attention ha- been paid to the problem of producing 
a suitable three-phase commutator motor giving perfect -peetl 
regulation. Unlortunatelv, these efforts have not vet met 
with complete success, although several types are now on the 
market, amongst which that patented by M. Latour is one of 
the most successful. For large powers and high frequencies 
the use of these motors is restricted on account of commutation 
troubles. 

]VIr. C. Kjamer, formerly of the Lahmeyer Co., patented an 
arrangement w’hereby a polyphase commutator motor is 
swdtched in cascade with the main motor, so that the slip 
energy of the rotor of the main motor is used to feed the 
commutator motor, which latter returns it as mechanical energy 
to the shaft. Sometimes the commutator motor is directly 
coupled to the main motor shaft, or its place may be taken by 
a rotary converter, this supplies energy to a continuous 
current motor which is directly coupled to the main motor ; 
in each caee the slip energy which would otherwise be lost is 
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converted into mechanical energy and u>ed on tlie main motor 
shaft. 

Another arrangement is due to Dr. Seherhiu<, who takes the 
slip energy to a commutator motor coupled direct to a three- 
phase generator, and so returns the energy to the line 
electrically instead of mechanically as in the Kramer »y»tem. 

The advantages of these two systems will be readily 
appreciated, as 

First, a gradual speed regulation is procured with a very 
small loss of efficiency, and any required relation between 
speed and load is pos.sible,as in the case of a C.C. machine. 

Second, the arrangement allows of i>ower-factor correction, 
making a smaller induction motor pos'-ible. 

Third, if the commutator motor be wound for a scries or a 
shunt characteristic the main motor will operate with 
a similar characteristic. 

In the case of the Kramer System of speed regulation the 
auxiliary motor will have an output corresponding to the per- 
centage regulation required — that is to say, for 30 per cent, 
speed regulation the auxiliary motor mu.^t have an output 
of 30 per cent, of the output of the main motor. Fig. IIT gives 
the connections of the Kramer system where the commutator 
motor is on the same shaft as the main motor. The motor 
can be started up in the usual way by resistance in the rotor ; 
this resistance is short-circuited as soon as full speed has been 
attained, and regulation is then effected by tappings in the 
field circuit of the commutator motor. 

If the Kramer system be applied to the case worked out on 
p. 206 for a 300 h.p. motor, it 'wtU be seen that for 30 per cent, 
speed regulation, or a speed of 255 r.p.m., the fan would take 
123 b.h.p. ; allowing an efficiency of 80 per cent, for the com- 
mutator motor, it is found that a further 6 per cent, would 
be lost in the motor, which compares very favourably with the 
30 per cent, lost in resistance when working with rheostatic 
control. 

The Scherbins System, the connections of which are shown 
in Fig, Ht, is suitable when it is impossible to put an auxiliary 
motor on the main shaft. As tiiere m cme more ecmvermon in 
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theSc'herbius sy.steni than in the direct -coupled Kramer system, 
the efficiency 1 =! slightly below that of the latter. 

Tlie Seherbius motor, like the Kramer motor, has the cha- 
racteristic of a continuous current machine, and impresses this 
characteristic on the main motor, so that for fan driving a 
shunt wound commutator motor would be required. 

An electric fan with the Seherbius speed regulation is at work 
in the Rheinelbe I. and II. Pits at the Gelsenkirchen Collieries. 
The maximum output of the plant will not be required for a 
number of years ; consequently some method of speed regula- 
tion was advisable, and the Seherbius system by Messrs. 
Brown, Boveri & Co. was that selected. The induction motor 
has an output of 1,000 h.p. maximum on continuous rating, 
and is connected to a 5,000 volt, 60 cycle supply. The full 
speed is 363 r.p m., and regulation w^as provided to 26 per cent, 
decrease. The Brown, Boveri-Scherbius regulating set consists 
of a 200 k.v.a., three-phase commutator motor coupled to an 
asynchronous generator of 85 k.w. at 750 r.p.m. Arrangements 
are made by which the rotor of the main motor is coimected 
in mesh for low speeds and in star when the speed exceeds 
a certain value. This enables the cascade motor to be reduced 
to about 58 per cent, of the size that it wnuld have to be without 
the change from mesh to star. 

The method of starting and regulating the plant is quite 
simple. The generator of the Seherbius set is first of all 
started from the line, as an induction motor, in the ordinary 
way with a resistance in its rotor. Then the main motor is 
started up with a resistance in its rotor, after which the slip- 
rings are connected to the motor of the regulating set by means 
of a change-over switch, which is operated automatically, so 
that the attendant has only to manipulate the two rotor 
rheostats in succession ; the change-over having been auto- 
matically made, aE that remains to be done is to set the speed 
of the main motor, which, as previously mentioned, when 
coupled to such a iregulating set, has a speed characteristic 
simEar to that of a shunt- wound continuous current machine, 
by means of a regulating trmisformer. The transformer is 
provided with a 20-tH)ntact hand-operated regulator, each step 
of wiiicJh ccffresponds to a certain excitation of the commutator 



VENTILATION AND AIR COMPHESSINO 


211 


motor, and a definite '.peed of the main motor, winch may l>e 
regulated for any speed between 2(58 and 303 r.p.m. by twenty 
equal steps. 

The results of tests carried out on the plant for full speed 
and reduced speed are given in Table Il2. 

TABLE II2 


li p \I 

Iriimt 

E il P 

li 11 P. 

it 

WO 

Air H P 

Tii: 

Er*- Tif i 

1 i> 

360 

1,043 

070 

200,000 

18-5 

84,> 

81*0 

8 1 'O 

268 

450 

370 

194,500 

10 0 

3(^6 

G8 2 

S2 5 


The energy in kilowatts, with a speed of 2GS r.p.m., controlled 
by the regulating set is 335, as compared with 412 k.w.. which 
would be called tor with resistance control, and as the fan runs 
all the year round, if the energy is charged at \d. per k.w. hour 
the annual saving is £1,405. 

Tw’O installations on these systems are working at the 
Wendel Pit at Hamm, and the Deutsche Xaiser Pit at Hamborn. 
It will be realised that, although for fans ot moderate size the 
direct rheostatic control is the most reliable, an<l, a-^hown. the 
energy wasted in the resistance does not amount to a great 
deal, when, however, the fan is large the slip energy wasted 
in the resistance becomes a considerable item. 

At the International Congress at Dusseldorf. 1010. Cliief 
Engineer W. Phillippi cited a case of a l,00u h p. fan with a 
speed regulation of 20 per cent, working over 8,760 hours a 
year. IVIr. Phillippi foimd that by controllmg the speed of this 
fan by means of a regulating motor approximately 700,000 
k.w. hours were saved, as compared with rheostatic control. 
This at 0*416d. per k.w'. hour means a saving of £700 per 
a.nmim ; hence the extra cost involved in bujihg the regulating 
motor and rotary converter would be covered in a few years. 

There are other types of fans all of which may be driven 
electrically. Restrictions of time and space prevent their being 
dealt with here. The Waddle, the Schiele, and the Guibal 
types were exhaustively tested by a Committee, and reported 
on by the late Mr. Walton Brown in what is one of the most 
complete investigations of mining fans that has been carried 

*> 2 
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out (Trans. Inst. Min. Eng., Vol. XVIII, p. 482). The Mining 
Institution would do good service if they inaugurated a 
gimilar research and brought the work up to date, as con- 
siderable progress has been made in the twenty-three years 
which have elapsed since the above tests were completed. 

Of the modem types the Barclay, the Bumstead-Chandler, 
the Capell, the Heenan-Froude, the Rateau, the Sirocco, and 
the Walker may be mentioned without exhausting the list. 

The introduction of the " Sirocco ” type seems to have 
influenced the construction of other fans, as blades in most 
modern fans are shorter and the inlets are of larger diameter 
than in the older models. The tendency to reduce the 
diameter and increase the speed of fans is possibly as much 
due to electrical driving as to the influence of any particular 
maker. 

No fans are now being built of a diameter approaching that 
of the early Waddle, which frequently were built upwards of 
30 ft. in diameter. Some managers who have handled fans 
of large diameter are much averse to the small diameters and 
high speeds. If they can find space and the necessary capital 
there is no reason why they should not put in large diameters, 
although the modem type of a medium diameter fan can give 
a better commercial efficiency. 

Table H3 gives the leading particulars of tests of some Electric 
Mine Fans of different types, ranging from about 100 to 1,000 
h.p., which maybe interesting, as supplementing the figures of 
other fans given above. The fans are arranged in order of the 
norse-power in the air delivered. 

The largest fan on the list is provided with a resistance 
regulation. Most careful tests were taken on this fan under 
throttling and resistance regulation conditions respectively 
with a speed of 228 r.p.m. and 206 r.p.m. The energy 
consumption per 1,000 cubic metres volume of air regulated 
by means of throttling with the motor running at full speed 
was 63*8 k.w., as compared with 56*5 fc.w. at 206 r.p.m. 
of the motor obtained by means of resistance regulation, the 
quantity of air in each case being approximately the same. 
This shows a saving of 11^ per cent, in favour of resistance 
regulation. 
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APPLICATION OF ELECTRIC POWER 


Air Compressors. — A compressor plant and transmission 
system is of great utility, but the character of the equipment 
is often such that its low efficiency greatly interferes with its 
utility. Theoretically air compressors have high mechanical 
and volumetric efficiency, and pipe lines can be designed of such 
size that the loss of pressure is very small ; but unfortunately 
all compressors are not efficiently operated, and as large pipes 
are awkward things to handle and accommodate in a mine, the 
efficiency of the system suffers accordingly. 

In the Journal of the S. African Assoc. Eng., Vol IV., 
1897-8, Messrs. Hulton and Schweder established the figure 
cf 28 i.h p. in the steam cylinder of the compressor as necessary 
to keep a S^-in. drill, which requires 5 to 6 h.p., running. Other 
investigators have found 25 h.p. at the compressor necessary 
per 5 h.p. drill ; hence the efficiency is about 25 per cent. 
Where coal cutters are used 60 lbs. pressure at the bank has 
often been found to give only 20 to 30 lbs. at the coal cutter. 
Part of the loss is friction and part due to leakage of air from 
faulty joints and drain cocks, but there is no valid reason why 
the conditions should not be considerably improved. 

In some cases the compressors may be large units working on 
the surface, in other cases small units in-bye may be more 
convenient. 

The claim that the use of compressed air improves the 
ventilation of the working places is more imaginary than real, 
and the quality of such air may be better worth consideration 
than the quantity. Many cases of poisoning by compressed air 
contaminated by the products of combustion of the lubricating 
oil and dust in the compressor cylinders have occurred ; 
explosions due to this cause have been frequent, and flaming 
in some places is a common experience. It is, therefore, 
necessary, particularly in the case of in-bye compressors, to use 
high flash-point lubricating oil in the cylinders and very httle 
of it, to filter the air, and to make sure that the design of the 
compressor is such that it can be readily cleaned out. 

In connection with rock-drilling and coal-cutting machines 
compressed air was mentioned as necessary when the conditions 
do not permit the introduction of electricity into the workings. 
The large slow-speed steam-driven compressor now has to 
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meet a high-speed steam-driven rival, and it is a very short 
step from driving such a compressor by steam to direct coupling 
it to an electric motor. 

A compressor is a constant torque machine, that is, the 
torque is constant at all speeds, the horse-power varjdng 
within wide limits directly as the speed. The difiSculty which 
confronted the adoption of electric driving was speed regula- 
tion. As we have seen, this offers no obstacle with continuous 
current motors, but with the ordinary three-phase the drive 
is very inefficient, as the input to the motor driving the com- 
pressor is constant, irrespective of the speed at which it runs. 

The disadvantages of stopping and starting the motor are 
obvious, so some other means must be found by which the 
power taken by the motor is reduced when the full air supply 
is not called for. Various systems of effecting this have been 
arranged. The prmcipal are . — 

(1) Throttlmg the air at the inlet valve, so that on one stroke 

a partial vacuum is formed and on the return stroke 
the work in forming it is partly returned to the engine ; 

(2) Unloadmg the delivery side and allowing the air to be 

discharged to atmosphere without compression 

When the pressure exceeds the maximum requirements the 
unloader either closes the inlet, allowing the compressor to run 
practically without load at full speed, and when the pressure 
falls to within 3 or 4 lbs. below the maximum the unloader re- 
opens and the motor takes up the load again immediately ; or the 
unloader may be arranged to reheve the pressure on the delivery 
side^ in which case a check- valve is fitted between the compressor 
and the receiver ; the latter method is generally preferred. 

The IngersoU Rand Co. make a special magnetic unloader, 
but in connection with their highest class compressors they 
rely upon their automatic clearance controller, which is a 
purely mechanical device for vaiying the amount of clearance 
in the compressor. It consists of a number of clearance 
pockets, which are thrown automatically into communication 
with the ends of each air cyfinder in proper succession, the 
process being controlled by a pre-determined variation in 
receiver pressure. When the compressor is operating at partial 
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capacity a portion of the air is compressed into an added clear- 
ance space instead of passing through the discharge -valves. 
On the return stroke this air expands, giving up its stored 
energy to the piston. The inlet valves remain closed until the 
cylinder pressure equals the intake pressure. The inlet valves 
then open automatically by a slight difference of pressure, and 
free ate is admitted to the cylinder for the remainder of the 
stroke. On a two-stage compressor clearance space in the 
proper proportion is added simultaneously to both cylinders. 
The reduction in power secured -with this method of control is 
practically in direct proportion to the reduction of load, the 
machine friction, of course, remaining constant. 

Some large compressors are running in South Africa, where 
the gove rning is effected by allowing air from the delivery to 
return to the cylinders during the suction stroke. Four 
machines, each capable of compressing 5,000 cub. ft. of free 
air per minute to a pressure of 80 lbs. per square inch, -with a 
mechanical efficiency of 90 per cent, and requiring 800 h.p. at 
107 r.p.m., have been working for some time at the Randfontein 
Central Mines (T. P. B. Butt’s Paper, Journal S. African Inst. 
Eng. , June, 1911). The first two have synchronous motors -with 
an auxiliary starting motor; the other two are provided with 
induction motors. The operation of the synchronous motor sets 
has been so satisfactory that a similar set has since been ordered 
for an adjoining mine. The motors are wound for 2,000 volts 
and are mounted on the shaft between the cylinders of the 
horizontal, two-stage compressor. The starting motors on the 
s3Tichronous sets are 100 h.p., geared to the main shaft by 
striking gear and capable of carrying 100 per cent, overload for 
short periods. 

One great advantage of driving air compressors electrically 
by S3jmohronous motors is that it offers a ready means of power- 
factor correction. 

The starting gear is simple, and presents no greater difficul- 
ties than that for an induction motor, the only disadvantage 
being the necessity of a continuous current supply for excitation. 
This may be met by mounting the exciter on the compressor 
bed-plate and driving it from the crank shaft. 

The Anaconda Copper Mining Co., Butte, have a large 
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central air-compressing plant with a total capacity of 2,400 h p. 
In the first units they used induction motors, but in all the 
later units synchronous motors have been adopted, the largest 
unit being 1,200 h.p., three-phase, 60 cycle, 2,400 volts, 
75 r.p.m. The choice of motor in this case has been 
influenced by the desire to raise the power-factor of their 
system, which includes many thousand horse-power of induc- 
tion motors. 

Power Required. — ^The power required for air compressing is 
a variable quantity, depending upon the amount of heat 
generated during the compression and the means for carrying 
it away from the compressor cylinders 

An ideal compressor is one in which isothermal compression 
takes place, and the rule PV = a constant apphes , when the 
compression of air takes place without external devices for 
carrying off the heat generated the compression is adiabatic. 
By water-jacketing the cyhnders and providing an intercooler 
the isothermal line may be approached but never reached. In 
how far the isothermal line is approached depends upon the 
temperature and quality of the cooling water and the design of 
compressor. 

Compressed air for mines is generally required for use at 
about 60 to 70 lbs. per square inch pressure, and the compressors 
are arranged for 80 to 100 lbs. per square mch to allow for losses 
in transmission, leakage, &c. 

A compressor is rated by the volume of free air on the inlet 
side, i.e.., its low pressure piston displacement hi cubic feet 
per minute, which displacement ought to be multiplied by 
the volumetric efficiency of the machme, although in catalopjues 
this refinement is often omitted. 

A good compressor will handle about 6 cub. ft. of free air 
per b.h.p. per minute and deliver it at 80 lbs. gauge pressure 
corrected for sea-level. At 100 lbs. gauge pressure the volume 
of free air handled would be about 5‘25 cub. ft. per b.h.p. per 
minute. 

A correction is required to determine the volume of free air 
at various altitudes, which, when compressed, is equal in effect 
to a given volume of free air at sea-level. At the usual working 
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pressures th,e multiplier is about 3'5 per cent, per 1,000 ft for 
altitudes up to 5,000 ft. 
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Pig. BE8. — Beiliss and Morcom’b air compressor 

Messrs. BelHss and Morcom’s experience with high-speed 
engines has been turned to account in the design of their air 
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compressor, which is of the same general design as their weU- 
known steam engine and readily adapted for electric driving. 
Fig. 118 shows an Air Compressor Station at New Modder- 
fontein Mine on the Rand equipped with four Beiliss and 
Morcom machines, each capable of compressing 6,600 cub. ft. 
of free air per minute to 100 lbs. pressure per square inch. 
These compressors are operated at a speed of 163 r.p.m. by 
Westinghouse three-phase induction motors capable of deve- 
loping 1,000 h.p. 

It will be noted that the motors are only provided with a 
single bearmg, the arrangement in this respect being the same 
as the standard arrangement for direct coupling high-speed 
electric generating sets. 

A very similar equipment is working at a South Wales 
Colliery and compressing 5,000 ft. of free air per minute to 
90 lbs. pressure. The two-stage compressor is direct coupled 
to a Westinghouse 850 h.p. motor running at 187 r p.m. 

A Beiliss and Morcom-Sandycroft equipment to compress 
6,000 cub. ft. of free air per minute to 81 lbs. per square inch 
pressure is interesting, as the motor is of the two-speed cascade 
type. Tests have been made on this set when driven at a 
constant speed and governed entirely by shutting a valve 
in the suction whenever the pressure exceeded 81 lbs. per 
square inch, and also with the set operated as a two-speed 
compressor, the speed reduction being reduced to two-thirds 
of full speed at 81 lbs pressure and the throttle closed at 82 lbs. 
pressure. At full speed when handhng 5,000 cub. ft. of air the 
e.h p. per hour was 800 in each case, but at half- load when 
handling 2,500 cub. ft. per minute the e h.p. for the single 
speed motor was 460, as compared with 414 for the two-speed 
motor, a saving of 46 e.h.p., or 10 per cent. 

Turbo-Compressors. — Prof. A. Rateau’s licensees have 
turned out a large number of turbo-compressors, many of 
which are electrically driven. As mentioned earlier, while 
25-cycle supply is satisfactory for many classes of motors, 
it imposes inconvenient speed limits for pumps and compressors. 
With 25 cycles, 1,500 r.p.m. is the maximum as compared with 
3,000, which is the corresponding speed for a motor operating 
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on a 50-cycIe supplj’-. Double-helical gearing of the Wuest 
type running in an oil bath may be used to increase the speed 
of the motor shaft to the most suitable speed for the compressor, 
just as in other cases it may be used to reduce the speed. 
Turbo-compressors may be arranged in this way to deliver 
air against pressures from 15 lbs. to 100 lbs. per square inch, 
and so cover the complete range of requirements for blowing 
engines and compressors for power service. 

In some eases Messrs. C. A. Parsons & Co. have supplied low- 
pressure turbo-compressors electrically driven and delivering 
air at about 20 lbs. pressure to work as first-stage machines in 
series with existmg reciprocating compressors, thereby doubhng 
the output of the reciprocating plant. 

The Robinson Central Station of the Victoria Falls and 
Transvaal Power Co. is being equipped with six units, each of 

4.000 h p., which are to dehver compressed air into the 
Company’s pipe-lines. Each unit is to handle 1,260,000 
cub, ft. of free air per minute at 68° F. and to compress it 
to 128 lbs. per square inch. An isothermal efficiency of 64 
per cent, was guaranteed for the machines and a maximum 
4,200 h.p. at 3,000 r p.m. The air compressors are of the 
Rateau type made by Messrs. Pokorny and Wittekind, the 
motors being supplied by the A. E. G. Co , of Berlin. The 
machi n es are illustrated and a test is given in Engineering, 
15th December, 1911. 

The electricity is taken from the Victoria Falls Power Co.’s 
mains. Synchronous motors were adopted, and owing to the 
difficulty in designing a synchronous motor for 4,200 h.p. each 
machine is made up of two motors ; one motor shaft drives 
a low-pressure cylinder and an intermediate cylinder ; the 
other motor drives a low-pressure cylinder and the high- 
pressure cyh'nder, the two motors and four turbo-compressors 
being arranged side by side on one combined bed-plate. The 
load was guaranteed to be balanced to within 5 per cent, 
between the two motors. In a test reported as taken at 
the makers’ works in Berlin by Professor Langer the 
average horse-power was found to be 4,000 when handling 

1.430.000 cub. ft. of free air per hour compressed to 
115 lbs. per square inch. The highest isothermal compressor 
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efficiency was 67 7 per cent, with a temperature of cooling 
water of 52° F . When the cooling water temperature was 75° F. 
the compressor efficiency was 67'3 per cent. The isothermal 
efficiency is the energy ratio of the power required for isothermal 
compression to the power delivered to the shaft of the com- 
pressor, the compression taking place at an atmospheric 
temperature between the initial and the final pressure. 

The JReavell high-speed Quadruples Compressor is well 



Fig. H9. — Eeaveirs air compressor. 


adapted for electrical driving. Fig. H9 shows one lately supplied 
to a Yorkshire colliery company. The motor is totally 
enclosed, flametight and wound up for 500 volts continuous 
current ; it develops a normal load of 30 b.h.p. with a constant 
speed of 276 r.p.m., is capable of giving 45 to 60 h.p. for short 
periods, and is fitted with an oil-immersed starter. The 
normal working pressure is only 20 lbs. per square inch. 

As mentioned in connection with Coal Cutters, the electri- 
cally driven machine has a much better output than the com- 
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pressed air machine, due, no doubt, to the low pressure at 
which the compressed air is delivered. Messrs. Reavell have 
supplied many of their machines for use in-bye, and in 
connection with them they have been investigating the question 
df the pressure actually used on coal cutters of the compressed- 
air engine-driven type. Mr. Rea veil has informed the author 
that the result of their investigations has shown that, although 
it IS the common opinion among the colliery officials that 
pressures of about 60 lbs. per square inch are necessary at the 
coal cutter, it is nevertheless a fact that the actual pressure 
usually -found in the cylinders of a coal-cutting machine 
does not generally exceed 20 lbs. in ordinary working. The 
possibility of usmg this low pressure, of course, means an enor- 
mous reduction in the power required if the compressor is 
arranged to w^ork normally at such pressure, and emphasises 
the advantage of in-bye compression in cases where the out- 
put from the coal cutter worked at these low pressures is 
sufficient. 

The dust difficulty is a serious one, but could be overcome 
if the air pipes were arranged on a closed system, such as 
has been adopted in some instances in South Africa. The 
economical advantage is considerable, but the inconvenience 
of the double system of pipes acts as a deterrent from its more 
general adoption. 



CHAPTER IX 


PUMPING 

As a chapter of ancient history it is interesting to remember 
that one of the earliest, if not the first, application of electricity 
for motive power in an English mine was the pumping plant at 
the Trafalgar Colliery, Forest of Dean, which was put in by 
hlr. W. B. Brain in 1882, and described by him in the Pro- 
ceedings of the S. Wales Institute Eng., Vol. XIII., p. 277. 
A double-acting pump with a barrel 5 in. diameter by 8 in. 
stroke, working up to 60 or 70 strokes per minute, was put in, 
to take the place of a pump driven by a pair of horses, about 
500 yards from the bottom of the shaft and about 90 It. 
below it. The shaft was 200 yards deep and the pump nearly 
600 yards from the generator on the surface The pump was 
provided with single reduction gearing and was belt driven 
by a 4 h.p. Gramme “ A ” size dynamo. Rubber covered, 
lead sheathed cable was used laid in a creosoted wooden box. 
The pump was usually left running locked up, a telephone 
and signal bell being fixed so that the engine driver on the 
surface could hear the pump working. 

In May, 1887, a larger pump was started, and is described by 
Mr. Frank Brain (Proc. S. Wales Inst. Eng., Vol. XV., 
p. 363). This pump was 1,650 yards from the bottom of the 
shaft and handled 120 gallons a minute against a head of 
500 ft. The pump had double plungers 9 in. diameter by 10 in. 
stroke and ran at 25 r.p .m. It had single-reduction spur gearing 
6 to 1, and was connected by a belt to an Elwell-Parker 13 h.p. 
motor, 320 volts, 43 amps., 650 r.p.m. The cable, which was 2,000 
yards long, was wrapped with compounded tape and supported 
by earthenware insulators 10 yards apart along the roads 
underground. In the shaft it was enclosed in wooden boxes. 
The return cable, which was earthed, was an old iron pit rope 
about li in. diameter. A telephone and signal bell were also 
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fixed in connection with this pumj;), but as it was larger it was 
deemed advisable to have a man in charge instead of locking it 
up as in the former case. 


Duty. — Those who have not had practical experience with 
pumping plants have very little idea of the duty of a pump 
or what a stream of water weighs. In approximate figures a 
feeder of 155 gallons per minute, say 26 cub. ft., is equal to 
1,000 tons of water in 24 hours. A pipe of 5 in. diameter would 
carry this supply at a velocity of 200 ft. per minute. One 
thousand tons a day of mineral is a good output, but 1,000 tons 
of water may very readily be met with, and it is only the ease 
and continuity with which the water can be handled that makes 
the pumping plant insigmfieant as compared with the plant for 
winding min eral. In some cases, however, the cost of pumping 
is very high ; it is said that in some of the South Staffordshire 
mines, where a joint pumping scheme handles the water for a 
large area, the cost of pumping is equal to per ton of coal 
raised. 

The amount of water to be handled varies over very wide 
limits. Table Ji shows a schedule of pumps which are used in 
a group of pits raising about two million tons of coal per annum, 
and which may be classed as fairly dry. The aggregate horse- 
power of the twelve pumps is 664 ; some of them are very little 
used. 

TABLE Jl. 


rit 

Position 

1 

]\fotor 

H P. 

Tj i»e of Pump 

Du 

Gallons 
per Minute 

by. 

Feet Lift 

No. 1 

' Sump 

' 

30 

3 Throw . . 

45 

1,380 

No. 2 

Sump 


30 


45 

1,002 

No. 2 

, Lower Lodge 

- - ! 

60 


170 

550 

No. 2 

Upper 

.. i 

GO 

Centrifugal 

300 

337 

No. 3 

1 Sump 

1 

SO 

3 Throw . . 

100 

1 1.410 

No. 3 

j Lower Lodge 

' 

20 

»> * • 

45 

675 

No. 3 

' Upper „ 


110 

Centrifugal 

600 

420 

No. 3 

Upper „ 

* 

65 

3 Throw . . 

300 

420 

No. 34 

Sump 


35 

Centrifugal 

150 > 

460 

No. 4 

Sump 

• • ' 

50 

3 Throw . . 

100 

800 

No. 5 

\ Special Pumping i 

62 

Centrifugal 

150 

360 

No. 5 

, j Station . . 

i 

) 1 

1 

62 

59 

80 

1,260 
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Contrasted with this, in another pit in the same neighbour- 
hood, where the capacity is 450,000 tons of coal per annum, the 
pump horse-power amounts to 300, and is well occupied. 

It is perhaps putting it not at all too high to say that the 
heavy pumping which is necessary to keep down the water in 
the Powell Duffryn Pits, in South Wales, has very largely 
contributed to the success of the gas engine plant installed 
there. The quantity is so great that two 950 h.p. pumps are 
required and are run at night to equalise the load on the gas 
engines. 

Head. — A point which should be remembered is that the 
head or lift not only mcludes the suction lift and the lift above 
the pump, but also includes the pipe friction, which should be 
kept as low as possible in view of capital cost and the cost of 
power. 

If the quantity of water to be lifted is very small and 
the head is high, a plunger pump can be emploj^ed, while, 
as will be dealt with later, a centrifugal pump might be 
impracticable owing to the high speed or the number of stages 
that would have to be employed and the excessive friction in 
the small water passages. 

Air Vessels. — The ram type of pump when used for high lifts 
requires an air vessel to relieve the pipes from shock and to 
make the flow of water approximately constant. 

In a centrifugal pump there is no necessity to provide an 
air vessel, as the water comes from the pump in a constant 
stream, this not only relieves the pipes and valves from all 
shock, but allows a smaller section of pipe to be employed. 

Dirty Wafer. — ^The class of water to be handled has also to be 
considered, as its corrosive effect may render certain types of 
pump impracticable. Large slow-speed pumps will handle 
a surprising amount of grit and dirt, particularly if they are 
of the plunger type, but with small high-speed, reciprocating 
pumps every effort should be made to keep grit out of the pump, 
which can be in a great measure effected if settling tanks are 
provided and cleaned regularly. 

A.E.P. Q 
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Large, low-lift centrifugal pumps are commonly used for 
suction dredgers, the intention being to remove sand or ballast 
with no more water than is necessary to transport the ballast. 
The clearance in these pumps is large, and they give complete 
satisfaction. 

With high-lift centrifugal pumps the conditions are altogether 
different, the clearances are smaller ; and although such 
pumps have been used to handle water with a considerable 
amount of sand in suspension, wear and tear is necessarily 
greater, but by no means excessive in the best types. 

Sinking pumps of this description are referred to later. 
In this type, particularly, the small space occupied by the high- 
lift centrifugal and the convenience with which it can be fixed 
and worked are often sufficient set-off against the disadvantage 
of greater wear and tear than obtains in other types of pump. 

The ram pump has an advantage over the centrifugal t5pe 
when the water supply is intermittent and air is liable to enter 
the suction, as in a dip pump working close to a face, or in 
un watering a small working place. Then the pump is what 
the miner happily calls “ working on snore,” and while a ram 
pump can pull a vacuum under these conditions a centrifugal 
pump requires recharging and is troublesome. 

Electric Driving. — Some of the earliest applications of elec- 
tricity to driving mine pumps in Germany consisted of a 
large slow-speed motor mounted directly on the shaft between 
two overhung cranks which actuated the pumps, the pump 
cylinders being of precisely the same type as would be used 
for steam pumps. In some cases the equipment included a 
steam engine and a three-phase generator on the surface. To 
start up the pumps in the mine all the switches were closed 
and the engine stop-valve opened when the generator and motor 
came up to full speed together, any subsequent regulating 
being done on the engine governor or by a dehvery valve on the 
surface. This, with small generating units, was convenient, 
but the arrangement is not efficient as compared wfith pumps 
working in parallel off a large power station, although it forms 
an interesting step in the development of electric driving. 

The position of the engine relative to the pumps driven by it 
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■was settled in the case of the Cornish pumps, as in view of the size 
of the engine fixing it on the surface was compulsory. Recipro- 
cating pumps, as constructed for steam, were placed under- 
ground and driven by steam or compressed air. An attempt 
to get over the heavy losses on such an arrangement was made, 
particularly in Scotland, by transmitting the power to the pump 
by a wire rope-drive. Where the roads Avere fairly straight 
such arrangements did not give much trouble through wear and 
tear, but were not high in efficiency. 

It is a short step from driA'ing a pump by wire-rope trans- 
mission to an electric wire transmission. The wet and dirty 
places in which pumps are frequently put to work are not at 
first sight favourable to electric driving, but in manj’ cases 
such conditions can be removed and a suitable pump-hou'^e 
constructed which is quite a fit and proper place for an electric 
motor. If the pump-house is so situated that it is likely to be 
drowned, a special construction of motor has to be used. 
Motors are now available which •w’ill work absolutely under 
water, but all motors are not amphibious, although A\ith the 
modern water-proof construction manj’ motors will withstand 
conditions which some years ago would have been looked upon 
as impossible. The risk of drowning a pump is sometimes very 
real, and has to be taken into account in the design of the plant. 

In the case of some recent unwatering operations, owing 
to faulty manipulation of the valves, a Cornish pump was 
droAvned to a depth of 78 ft. The pump Avould AA’ork, but 
could not be run faster and thus lower the AA'ater, so CA-entually 
a diver Avas sent down the ladder- AA'ay alongside the pipes, and on 
the second attempt closed the valve AA’hich had been inadA^er- 
tently opened. 

In another ease of rod-pumps, reported at the Inst. Civ. Eng. 
Conference, 1907, three Avere being put down to hft 8,000,000 
gallons of water a day to a height of 2,000 ft. One pump had 
only just been started, when the water broke in and droAvned 
the pump to some 200 ft. in depth. The droAVTied pump had 
to be run continuously for about two months until the water 
could be got out. 

Cornish pumps and three-throw pumps driven by wire-rope 
transmission have been run droAmed for weeks, but Avith an 

Q 2 
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electric motor it is another matter, and it is better to provide 
duplicate pumps rather than to run the risk of the damage 
to the pit and workings which may be the result of drowning. 

Electrical Problem. — ^The electrical driving of pumps does 
not present any difficulty. In the early stages when slow- 
speed steam-driven pumps were being converted to electrical 
drive, difficulties were sometimes encountered to meet the 
slow speed, as it entailed a motor with a large number of poles 
and of large dimensions ; hence gearing, with frequently a 
belt or rope speed reduction, was employed. Since the speed 
of pumps has gone up this difficulty has nearly disappeared, 
so that direct couplmg or single reduction gearing can generally 
be employed. As, ordinarily, no speed regulation is required 
and no abnormal starting torques are called for, standard 
designs of motor can be utilised. 

In eases where the available motor speeds are not suitable 
for direct coupling, gearing, belt or rope-drive may be used. 
For large centrifugal pumps the belt pulley should be on a 
separate shaft connected to the pump by a flexible coupling 
to prevent distortion of the pump shaft. 

With flexible belts high speeds may be used ; as an instance, 
a belt running 7,050 ft. per minute and driving 110 h p. on a 
pulley only 13j in. diameter may be mentioned. The belt 
is 8 in. wide, sewn endless, orange tanned, and water-proofed. 
It ran one-and-a-haK years, or 1,500,000 miles, without any 
trouble, and at the end of this period appeared as good as new. 

In most cases pumps have to work in unfavourable localities ; 
this chiefly accounts for the popularity of the three-phase 
induction motor for driving them. Although the motor 
presents no special features, care must be exercised in the choice 
of the starting apparatus, which must be adequate for the 
starting torque required by the motor. 

Speaking generally, plunger pumps require a starting 
torque up to about twice the normal full-load torque, 
whereas centrifugal pumps when started up with closed delivery 
valve and bye-pass require only 30 to 40 per cent, of the full- 
load torque ; hence for plunger pumps a shp-ring motor is 
preferable to keep down the star ting current. For centrifugal 
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pumps, on the other hand, a short-circuited rotor motor will 
answer the purpose, as 30 to 40 per cent, of full-load starting 
torque will require a starting current not much above the full- 
load rumiing current. 

Motor Cooling.— When the motors require cooling the 
matter must be carefully considered. In some cases motors have 
been cooled directly by water jackets, in which case it is better 
to have a small pipe branching from the main and delivering 
to waste, so that the jacket is under the lowest possible 
pressure. If the motor is jacketed and the main delivery is 
passed round it, as has been done in some eases, an undue 
pressure is put on the castings, which causes destructive 
sweating and deterioration of the motor. 

A better way to cool a motor is by forced ventilation, in 
which case the motor and air circuits are enclosed The air 
is driven through cooling coils and then through the motor 
and so circulated over and over again. Motors cooled on this 
system are at work in the Comstock ]VIines in Virginia, vhere 
the water pumped has a temperature of about 175^ F. at a 
depth of 2,500 ft. below the surface. The water for the 
cooling coils is taken down from the surface. 

Speed Regulation is not generally called for, as lodge rooms 
or sumps can be formed for water storage in such cj[uantities as 
will give the pump full load for some hours run. It is often 
advisable to arrange special water storage, so that the pumps 
may be run at such hours as may be necessary to level up the 
load on the power plant. 

Sometimes, however, variable speed has been found necessary. 

With a continuous current motor, the speed regulation is 
simple, but with alternating current the usual difficulty arose, 
which was met by mechanical means or by bye-passing the 
water. 

The author saw an interesting mechanical arrangement in 
Silesia a short time ago, where two three-throw pumps were 
running driven by three-phase motors at constant speed and 
arranged so that they would deliver either 1 cub. metre or 
2 cub. metres of water per revolution. The pump barrels are 
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double concentric, both the barrels being provided with a 
heavy packing gland and also with lugs. The lugs on the outer 
barrel can be bolted alternatively to corresponding lugs on the 
slides or on the inner barrel, so that the outer barrel either 
acts as a pump barrel or as a ram, the areas being such that 
the displacement gives the desired cub. metre or 2 cub. metres 
respectively per revolution of the three rams. 

Remote Control. — ^Messrs. Laurence Scott & Co., Ltd., make 
a speciality in the remote control of continuous current motors 
for the Admiralty, and havo apphed some of their experience 
gained on warships to the control of motors in mines. In the 
case of a pump for keepmg down the water in a lodge-room 
the starting and stopping are both effected primarily by the 
position of a float, which closes the contact on an appropriate 
relay, and a second switch may be operated by a further relay, 
which will accelerate the speed of the pump if the water rises 
above a predetermined normal level. Their automatic starter 
consists of a series of relay switches with a solenoid operated 
“ discriminator ” for working with them, and enclosed in the 
same case is the automatic shunt regulator. The makers do 
not attempt to employ a floating shunt regulator, as they have 
found in practical vv^ork that they are not satisfactory. They 
prefer for this purpose to use one step only for speed regulation, 
but the resistance may be inserted as slowly as is desired so that 
the pump may be accelerated without mechanical shock or a 
sudden rush of current. 

Cornish Pumps. — ^The most popular t 3 ^e of pump for mine 
drainage for many years was the Cornish, in which the pumps 
are actuated by a steam engine through the medium of rods. 
These pumps are arranged either to lift {i.e., of the bucket type), 
to force (i.e., of the plunger tjrpe), or a combination of both. 
They are invariably of the long-stroke, slow-speed type and 
have been built in tmits up to 1,200 or 1,600 h.p. The pumping 
engine is sometimes placed immediately over the shaft, and 
actuates the pumps directly by vertical rods from the end of 
the beam. In other cases the beam works a crank which gives 
a reciprocating motion to the pumps through long lengths of 
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connecting rods. At the slow speeds obtaining say, six to 
nine double-strokes per minute, the wear and tear is very 
small, and such pumps have given the greatest satisfaction for 
many years. A great objection to them is the large space 
taken up by them in the shaft and the inconvenience in 
getting at them when repairs are necessary. They have, 
however, won such favour m the mining field that engineers 
in some quarters are still loath to depart from them and 



Fig Jl. — “ Usks'ide” dip puuip 

adopt anything in the nature of a high-speed pump. Cornish 
pumps are sometimes geared, but the relatively high speed of 
electric motors naturally calls for a high-speed pump, as the 
loss in gearing to drive such slow-speed pumps by electric 
motors may be considerable, and the great advantage of high- 
speed machinery in the decreased space occupied by it would 
be lost. 

Tollowing the Cornish pump came the direct-driven type of 
pump, in which the steam cylmders and pumps are in one line. 
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Pumps dnren direct from a crank-shaft running from 30 to 
45 r.p.m. were also developed, and a pump of this kind was, as 
already mentioned, the first to be driven electrically. 

Ram Pumps. — Fig. Ji shows a very useful t5rpe of dip pump 
mounted on a small truck for convenience in transport This 
type of portable pump is made by the Uskside Engineering Co. 
in several sizes from 2J in. rams by 6 in stroke up to 5 J in. rams 



Fie. J2 — “Utekbide” thxee-thro-w pump. 

by 8 in. stroke. The figure shows a pump with rams 4 in. dia by 
8 in. stroke, which run at a speed of 45 double strokes per min , 
and wUl deliver 50 gallons per minute against a vertical head 
of 260 ft. The valve-bos chamber is cast in one piece with the 
barrels, and is fitted with gun-metal valves and seats ; the 
plungers are also of gun-metal, and are attached to slipper 
cross-heads. The main gearing has machine-moulded teeth, the 
first motion machine-cut teeth. The bed-plate is of cast iron 
and made in sections. The pump, wdth its 5 h.p. motor and 
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starting gear, is self-contained and mounted on a timber 
trolley provided with wheels and axles to suit the gauge of 
the mine. 

Fig. J2 shows a high -lift reciprocating pump of the three-throw 
type in use in a StafPordshirc mine. This pump is a standard 
type made by the Uskside Co., and is of very substantial de-ign. 
The chief features are the four-bearing crank-shaft, and the 
barrels and valve-boxes are aU made independent and inter- 
changeable. The three rams are 7 in. diameter by 9 in. stroke 
and run at 42 r.p.m. The pump dehvers 150 gallons a minute 
against a vertical head of 1,300 ft. The first motion gearing is 
machine-cut with a raw-hide pimon ; the main gearing is 
machine-moulded. The efficiency of this pump from output 
of motor to the w'ater delivered is 81 per cent. 

While in England the three-throw pump has been the usual 
standard, in America quintuplex mine pumps have been made, 
a good example of which is the Aldrich vertical pump made for 
the Anaconda Copper Mines This pump is designed to deliver 
425 gallons per minute against a vertical lift of 1.200 ft. It has 
five single-acting plungers operated by one crank--hatt. The 
steady delivery given by the five plungers renders the use of an 
air chamber unnecessary, and the steady torque and continuity 
of discharge is claimed as a high factor in the efficiency The 
water contains grit and is highly charged with .sulphate of 
copper, consequently the water ends have to be made of a high 
grade acid-resisting bronze. The pumps are fitted with a bj’e- 
pass, which enables the motor to be started without load. The 
pumps are driven by a Westinghouse alternatmg current motor 
of 150 h.p. capacity at 450 r.p.m. through single reduction spur 
gearing, the motor standing on the floor alongside them. 
A test showed an overall efficiency of 80 per cent, between the 
current delivered to the motor and the water discharged to the 
sixrface. 

The speed limitation in reciprocating pumps is due to the 
slamming of the valves and the changing of the direction of the 
plungers. Various steps have been taken to overcome this 
difficulty, notably on the Continent, where positively controlled 
valves and special shapes of plungers were introduced, as in 
the Riedler pump and the Gutermuth pump, which have been 
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developed abroad, but are made in this country by Messrs. 
Fraser and Chalmers, Ltd. 

Professor Riedler, whose name is closely identified with 
pump work of various descriptions, studied the cause and 
effect of the shocks and slamming common in the ordinary 
reciprocating type of pump ivhen run at high speeds. He 
found greater throttling or resistance in the valve passages 
than had been previously recognised, and he further found that 
slip was the main cause of the slamming. He decided that one 
large valve was better than several small valves, and arranged 
that while the valve is automatically opened its opening is 
controlled by a mechanical device and it is positively closed 
before the plunger starts on its return stroke. By this means he 
diminished both the throttling and the slip, and by a combina- 
tion of this arrangement of valve with a differential plunger he 
developed a pump with a single plunger and two valves, which 
he found could be run at a high rotative speed and gave a 
better efficiency than a three-throw pump of equal volume, as 
the flow of water was steadier and there was only the friction 
due to one plunger and two valves instead of three plungers and 
six valves. 

One end of the differential plunger is twice the area of the 
other end. The large plunger discharges the whole of its water 
through the delivery valve on the indoor stroke. There is a 
supplementary chamber adjoimng and connecting the dehvery 
valve with the small plunger, so that half of the water is sent 
into the delivery pipe and the other half into the supplementary 
chamber. On the outdoor or suction stroke the difference in 
area of the small and large plungers discharges the contents of 
the supplementary chamber into the delivery pipe. By this 
method a double-acting pump is obtained with only two 
valves. 

The Riedler pump, with a single differential plunger to deliver 
68 gallons a minute against 1,000 ft. head, can be run at 
150 r.p.m. A similar pump of ten times the capacity would be 
run at 80 r.p.m. These high rotative speeds make the pump 
peculiarly suited for electric driving. 

The Qutermuth pump is particularly notable on account of 
the type of valve employed. The Gutermuth valve is made by 
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coiling a sheet of metal in a waj' verj’ similar to a clock-spring. 
The valve is simply shpped on to the spindle and its inside edge 
is held in place by clamps, so that its action is altogether 
different from any other type of valve. When opening or 
closing it has a wiping motion, and, due to its extraordinary 
flexibihty and small resistance, a full port opening is readily 
obtained. 

Pumps with this type of valve and differential plungers are 
made in one, two, or three plunger models, running at speeds 
up to 250 r.p.m. For instance, a pump delivering 200 gallons 
per minute against 900 ft. head can be run at 250 r.p.m., and a 
pump to dehver 1,000 gallons per minute against 750 ft. head 
can be run at 180 r.p m. 

High-Lift Centrifugal. — The development of the High-Lift 
Centrifugal Pump has been very important from the electrical 
engineer’s point of view, and it is of great importance also to 
the mining engineer owing to the ease with which it can be 
handled as compared with any other tj-pe of pump for 
equivalent duty. 

The high-lift centrifugal pump consists essentially of several 
centrifugal pumps in series In the earlier examples .separate 
pumps were actually fixed in series, sometimes on the same 
spindle, and sometimes at different levels, the lowest pump 
being arranged to deliver into the suction of the pump above 
it, and so on, as at Horcajo. The only disadvantage in this 
arrangement is that the lowest pump has to withstand the full 
pressure, whereas if each pump delivers into an open lodge from 
which the next pump above it takes its suction, each pump has 
only to withstand the pressure due to its own lift. 

The development of the pump, in which several impellers 
are arranged in series on the same shaft, is greatly due to 
Messrs. Sulzer Brothers, who claim to have been the first to 
use guide wheels in which the velocity of the water discharged 
by the impellers is converted into additional pressure, and who 
built the first successful plants on these lines. Other makers 
have since been busy in the same direction, and high-lift 
centrifugal pumps with several impellers in one casing are now 
obtainable from many different makers. The impellers are 
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arranged in series for pressure stages and in parallel for quantity. 
Pig. J3 shows a section of Messrs. Sulzer’s Standard pump. 

The chief difference between the low-lift and the high-hft 
centrifugal is in the arrangement of these guide wheels, by which 
the efficiency of the pump is greatly increased. With a low- 
lift pump delivering against a head of 60 ft. is a good perform- 
ance ; the addition of the guide w'heel enables lifts of about 
350 ft. to be accomplished with one impeller for volumes of 
1,400 to 3,500 gallons per minute. 

In the earlier models the impellers were arranged m pairs 



Fig J3.— Sulzer’s centrifugal pump. Section 

back to back in order to neutralise the side thrust, each pair 
being surrounded by one double guide wheel with spiral 
channels very earefuUy formed and finished. Between the 
pairs of impellers intermediate guide pieces were arranged. 
In most of the later models all the impellers take the water from 
the same side, and the balancing is effected by a disc, the action 
of which is automatic. Another device adopted is to make 
half the impellers take water from one side and the other half 
from the opposite side, but this, like the original method, is 
inconvenient, as it calls for an even number of impellers. 

The diffuser passages and channels call for very careful 
design to avoid eddy currents and air chambers, and the use of 
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special materials highly finished is necessarj", not only to 
minimise the friction losses, but to decrease the wear and so 
prolong the life of the pump. The tardy appreciation of these 
constructional points was perhaps the outstanding difference 
between different makes of pumps. For years past makers of 
agricultural implements have made centrifugal pumps, and 
unfortunately it has been too often considered that several of 
these, arranged in series, might be sold as a high-lift centrifugal 
pump ! 

Possible Volumes and Heads. — ^The diameter of the impeller 
must be in a certain proportion to its speed, to the lift, and to 
the quantity of water to be delivered, so that there are limita- 
tions in the possible efficiency for high hfts. If the quantity 
of water is small in relation to the head, a good efficiency is 
impossible. 

From the particulars supplied by Messrs. Boving & Co. for 
High-Lift “ Victoria ” pumps at 1,450 r p.iii. about 120 gallons 
per minute is the minimum volume that can be efficiently 
handled, and this can be dehvered against a 328 ft. head with 
a ten-stage pump. For general guidance they suggest that 

265 galls, per min. can be lifted 420 ft. wdth an S-stage pump 

440 „ „ 700 ft. „ 7 

816 „ „ 1,058 ft. „ 7 

1,160 „ „ 1,200 ft. „ 6 

As the volume increases the restrictions as to head are decreased 
and the problem of efficient design becomes easier. 

Messrs. Sulzer have delivered ten eight-stage pumps each 
dehvering 1,320 galls, per minute to a height of 2,275 ft., at a 
speed of 1,480 r.p m. and an efficiency of 75 per cent., the power 
on the pump shaft being about 1,230 h.p. 

There is a limit to the number of impellers or stages that can 
be arranged in one casing ; when this limit is reached two pumps 
can be arranged in series. 

If importance is attached to high efficiency Messrs. Sulzer 
recommend the volume be not less than 130 gaUons per minute 
for lifts below 820 ft. and 220 gallons per minute for hfts above 
820 ft. Although these may be the limits where high efficiency 
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is sought, and may be taken as the general commercial limits, 
it must be remembered that they are not the binding mechanical 
limi ts. The advantages of the high-lift centrifugal pump, 
such as small space occupied, light weight, small foundations, 
&c., are important, and may often decide the matter in favour 
of the centrifugal at a small sacrifice of efficiency. 

Regulation. — The regulation of a centrifugal pump is not 
CONSTANT SPEED 



GALLONS PER MINUTE 

Fig. J-t — Characteristics o£ noimal and sjiecial centiifugal pumxis. 

Normal shown by full lines. 

Special ,, ,, dotted lines 

quite so convenient as that of a three-throw pump, as there is 
a critical speed below wliich it will not hft any water against the 
required head. The volume varies approximately as the speed, 
and the head as the square of the speed, and the power required 
for driving the pump increases approximately as the cube of 
the speed. 

A certain amount of regulation may be conveniently obtained 
by adjusting the delivery valve. If the speed is not absolutely 
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correct for the head under which the pump is working, opening 
the dehvery valve too much may overload the motor. On the 
other hand, if the quantity of water to be handled is less than 
the normal, the partial closing of the delivery valve will not 
put a dangerous pressure on the pump easing. In any case, 
such pumps must never be allowed to run dry, and if the pump 
is run with the delivery valve closed long enough for the water 
to become hot the pump may be damaged. 



GALLONS PER MINUTE 

Fig Jo —Characteristics of Allen’s “ Conqueroi ” pump. 

Self Regulation . — The question as to whether decreasing the 
head on the pump will increase the power absorbed by it and 
overload the motor depends upon its design and the size of the 
pump chosen for the normal duty, and the presence or absence 
of this feature is not a special characteristic in the pump of 
any particular maker. The effect is obtained by specially 
ri pigigning the impellers wnth small nozzles or constricted water 
ways and at some sacrifice of efficiency. 

When a pump has to work at constant speed with a varying 
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head this disadvantage is outweighed by the greater flexi- 
bihty in working. A self-regulating pump has its efficiency 
curve flatter and lower than a normal curve, and its b h.p. 
curve falls away somewhat rapidly on each side of the point 
of maximum efficiency or normal rating, while a non-regulating 
pump has a higher efficiency curve, and a b.h.p. curve which 
rises up to the point of normal rating and goes on rising beyond 
that point. In each case the volume of water is mcreased, but 
in the self -regulating pump the power for a constant speed does 
not rise beyond the fixed limit, no matter how much the head 
is reduced. Fig. J4 shows the curves of the two types. 

This point is well illustrated in Fig. Jo, which shows the per- 
formance of one of Messrs. W. H. Allen, Son & Co.’s 
“ Conqueror ” pumps, normally rated at 1,400 gallons per 
minute and 37 ft. head, and specially designed for constant speed 
and varying head. This pump wdll work against a head vary- 
ing from 48 ft. to 10 ft , delivering a quantity of water varying 
from 500 to 2,000 gallons per minute. The power absorbed is 
13 b.h p. at 48 ft , and as the head falls the b.h.p. gradually 
rises, attaining the maximum of 20 5 b h.p. at the 37 ft. 
head, which is the normal rating for which the pump is 
designed. As the head falls further the power absorbed 
commences to decrease and falls to 18 b.h.p. at 10 ft. head. 

It is always safer to take care that the motor coupled to a 
centrifugal pump is sufficiently large. The following rule for 
the size of the motor in comparison with the shaft horse-power 
of the pump is that adopted by a leading maker, and may be 
convenient for reference : — 

The motor to be larger than the pump, 

Up to about 5 h.p. output by 60 per cent. 

,, 30 ,, ,, 25 ,, 

Over 30 „ 10 

High-lift centrifugal pumps are frequently now used for 
boiler-feeding purposes, in which case they have a curve similar 
to that shown of the “ Conqueror ” pump. 

It is seldom that speed regulation is required with a pump 
designed for regular duty, so that a three-phase motor lends 
itself very well to driving centrifugal pumps. 
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Special attention must be paid to the starting torque problem. 
In order to keep down the torque the pump is sometimes fitted 
with a bye-pass, although the closed delivery valve is generally 
sufficient for the purpose. As soon as full speed is reached 
the delivery valve is opened. 

To speed up a centrifugal pump on closed delivery valve 
a maximum torque of about 30 per cent, the normal full-load 
torque is required. As the ordinary squirrel cage motor can 
develop 30 per cent, full load torque with a current approxi- 
mately equal to full load current, this type of motor is generally 
adopted. It is hardly possible to imagine am^thing more 
reliable and less apt to get out of order than a well-made 
centrifugal pump coupled direct to a squirrel cage motor, 
owing to the absence of reciprocating parts and the small 
number of working parts or bearings. 

The Rees-Roturbo pump differs from other centrifugal pumps 
in the design of its rotor, which instead of being built as a flat 
disc with the object of securing velocity of water in the 
expanding channels of the casing, is designed in the form of a 
drum, having partitions which carry the water round with 
them and set up in it a centrifugal force, which drive.s it 
through the backwardlj^ curved nozzles in the periphery of the 
drum. The water then, still having a high velocity in the 
direction of rotation, passes through the diffuser channels, which 
convert the velocity into pressure. The makers claim that the 
water passing through the nozzles behaves as in a turbine, 
assists the rotation of the drum, and has a self -regulating 
effect. The makers use as their standard double-sided 
impellers ; this design does away with end pressure, but for 
high lift necessitates a long shaft. 

Horcajo Pumps« — One of the earhest applications of the 
high-lift centrifugal pumps to mine drainage is the installation 
in the Spanish Mine of Horcajo, which was started by Messrs. 
Sulzer Brothers early in 1900. It originally consisted of three 
direct-coupled electrically driven pumps, fixed at different 
levels, and connected in series. Each pump handled 925 
gallons per minute, the total head over the three pumps 
being 1,275 ft. Subsequently the shaft was sunk to a deeper 

A.E.P. R 
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level and. two more pumps were erected and similarly con- 
nected up. The complete plant now discharges 1,142 gallons 
per minute, vdth a total head of 1,970 ft. 

As an indication of the reliability of high-lift centrifugal 
pumps, it is interesting to note that the resident engineers at 
the mine tested the plant after it had been working for one year, 
w'hen the efficiency was found to be 76 per cent. After it had 
been working five years, during which period it had only been 
stopped for sixteen hours a month, the test was repeated, and 
the efficiency was again found to be 76 per cent. The larger 
plant was tested at a later date and the efficiency found to be 
79 J per cent. 

The Horcajo plant is of special interest, as it is claimed 
to be the first instance where motors with short circuited 
rotors were used for driving centrifugal pumps connected in 
series on to one rising main. Another point of interest is that 
the motors are all started from the surface by one and the same 
auto-transformer. To be able to do this each motor must 
have its oven cable, and a special set of starting bus-bars must 
be provided. Each motor is successively run up to speed on 
the starting bus-bars and then switched over on to the main 
bus-bars. In addition to the cables for each individual pump 
a common stand-by cable connected to a set of links in each 
lodge is provided. A special feature of the motor is the water- 
proof insulation, which has proved very efficacious in one 
instance, when, owing to the breakdown of the old pumping 
engine, one of the motors was submerged in water for several 
hours. After being dried by a charcoal fire the motor w’as 
put into commission again "without showing any injurious 
efieots. 

Rauxel Test. — A. useful test showing the efficiency at the 
various stages of a complete high-lift centrifugal pumping 
plant was made at the Victor Mine, Rauxel, in the Ruhr 
district, where a Sulzer steam engine miming at 113 r.p.m. 
drives a three-phase, 63-cyele alternator. The pumping plant 
consists of two Sulzer high-lift centrifugal pumps connected in 
series. Each pump is driven at 1,035 r.p.m. by a motor rated 
at 600 h.p. The pumps were designed for a duty of 1,900 gaUs. 
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per minute lifted 1,700 ft The following figures were obtained 
on a test published in Gluckauf in 1904 . — 


I.h.p. of engine . , 

. WHP 
iLfficiency j^-p • • 

Efficiency at the various stages : — 

Engine, excluding condensing and 


1310. 

58-79 per cent. 


excitation . . 

Engine, including condensing and 

90-09 

-5 ->3 

excitation . . 

88-50 

IS 33 

Generator, excluding excitation 

95-74 

•S 53 

„ including „ . . 

94-14 

3 5 3 

Cables 

99-26 

S3 

Motors 

94-40 

' S S3 

Pumps, including rising main 
Combined efficiency of motor and 

75-47 

S3 -5 

pumps 

71-25 

•3 53 

Ferndale. — ^An interesting arrangement 

of centrifugal 

pumping plant was designed by the author 

to deal 

with the 

water from a group of four pits, and was described by him in 

1909 (Proc. S. Wales Inst. Eng., Vol. XXVI., 

p. 892). 

Fig. Jb 


shows diagrammatically the position ot the j)umps in the 
workings and a plan showing the relative position of the pumps 
and motors. The tw-o pumps are placed in a heading near the 
sump of No. 4 shaft ; normally one pump deals uith the water 
from the three sumps, it being piped and allowed to run down 
to No. 4 sump by gravity. The second pump deals with the 
water from the lodge-room in No. 3 shaft and the lodge-room 
in No. 4 shaft, the suction pipes being connected together to 
a Y piece before they join the pump. The pump-room is 
about 1,210 ft. below the surface. The head of w-ater on the 
suction side of the second pump, due to the position of the 
lodge-room in No. 3 shaft, is 965 ft., so that the actual head 
is 1,210 — 965 = 255 ft., and the pump is working at the 
bottom of a U tube. The lodge-room in No. 4 shaft is at a 
higher level than that in No. 3 shaft, so that the water from 
the two lodges cannot be handled at the same time, and to 
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prevent water running back from the higher into the lower 
lodge a non-return valve is placed in the main. 

The arrangement in the pump-room consists of two similar 
pumps placed at 40 ft. centres with two identical motors 
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Fig. J6 — Central pumping plant for four shafts 

between them, each motor being provided with an extension 
shaft and two different-sized pulleys. This arrangement was 
adopted for the sake of duplication, but at a small expense in 
efficiency. By a simple arrangement of valves either pump 
can be put on either duty in case of an emergency, but as the 
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heads and volumes for these duties are different the pumps are 
run at different speeds, depending on the duty required, the 
change of speed being effected by altering the diameter of the 
motor pulley. 

The pumps are of Messrs. Sulzer’s High-Lift Centrifugal 
eight-stage type. The motors are by Messrs. Lahmeyer, 
three-phase, 25 cycles, 2,200 volts, giving 62 b.h p. at 720 r.p.m. 
The motors are mounted on slide rails, and drive the pumps 
by means of leather belts 12 in. wide. The motors are squirrel 
cage, and the pumps are started with the delivery valve closed, 
but without any b^re-passing arrangement. 

The efficiency of the pumps on test is shown in Table ,J-2. 


TABLE J2 


.Vo 

Mutoi 

Inpiit, 

H P 

Motor, 

11 P M 

I W tt«*i 

Pinnp, ' F>p1i\hhI, 

R P M |(.t<4ll(>ns 

1 Miniit* 

Hhi.I, 

f-ef*t 

PnmpiiiJi 

F. 1 1 : 

Eltici* lu \ 

0\ r 1 ill Pump 

1 

87 15 

720 

2,885 i 

120 5 

1,228 

1 262 

52 0 

60 2 

2 

31 5 

1 

720 
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The effect of the friction in the long suction pipe is evident 
in No. 2 Test, w'here the actual head is only 255 ft. 

An automatic device actuated by a float is arranged for 
stopping the pump when the water level in the sump has been 
lowered to a determined point to prevent air running into the 
suction, a wire connection from the float actuates a relay 
switch and cuts out the motor by tripping the automatic 
switch. The general arrangement of the pumps working in the 
U tube is believed to be novel, and in any case it presents an 
economical and mechanical method of providing duplicate 
pumps for varying duties. 

Comparison : Ram and Centrifugal Types. — ^The Ram pump 
when in best working order is more efficient than a centrifugal, 
especially in small sizes, but its efficiency may be greatly 
influenced by the adjustment of the packing, glands, &c. 
For a duty of, say, 500 — 600 gallons per minute and 600 ft. head 
the .capital cost of the ram pump would be about twice as high 
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as that of the centrifugal, or perhaps even higher, depending 



on the smtehing and control arrange- 
ments called for. 

The ram pump would also, on 
account of its dimensions and its 
working strains, require a larger 
house and considerably more foun- 
dations, so that the cost of housing 
and fixing would be two or three 
times as great as that of a centrifu- 
gal. These items, which influence 
the capital cost, increase the standing 
charges and consequently discount 
the advantage the ram t3rpe has in 
respect of cost of power. These 
points are of especial importance 
where the hours of running are 
short, and for stand-by plant. 

With regard to the question of 
flexibility of centrifugal pumps in 
comparison with piston pumps, it is 
obvious that the advantage is with 
the latter class. A centrifugal pump 
ought to be run as nearly as possible 
under the conditions for which it 
was built. 

Sinking Pumps. — The question of 
Sinking Pumps stands apart, as in 
their case ease in handling and space 
occupied are of more importance 
than other advantages. The direct- 
coupled vertical spindle centrifugal 
is a particularly happy solution of 
the problem. The amount of grit 
and slime in the water may out the 


pump, but in many shafts this is less 


important than the space occupied 


Fig. J7.— Sulzei's sinking pump, by elaborate means for preventing 
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it. In sinking a large shaft IVIr G G Hann (Proe. S. Wales 
Inst. Eng , Vol. XXVII., p. 61) experienced this difficulty 
and recommends a low-lift compressed air pump to deliver the 
Avater into settling tanks, from Avhich the high-lift centrifugal 
pump throws it to the surface. The wear in these high-lift 
pumps is evident in loss of efficiency, and in some tj’pes by their 
getting out of balance. The latter defect is met if the balancing 
arrangement is external to the water-carrying parts of the 
pump, as in the case of Boving’s oil-balanced footstep. 

Sinldng pumps are generally arranged in a steel framework, 
as shown in Fig. J7, which is slung from a AAdnch at the shaft- 
top and can be adjusted at will. Sometimes two pumps are 
mounted in one frame, as in the case of the Sulzer pumps used 
for sinldng the Bedwas Pit, where two pumps to deliver 
20,000 gallons against 540 ft head are so arranged and driven 
by totally enclosed motors, the pumps, motors, pipes, and 
water, in u'orking order, weighing about 30 tons (Proe. S Wales 
Inst. Eng , Vol. XXVII., p. 62). 

Sometimes for unwatering an inclined shaft and for dip 
pumps it is convenient to arrange the pump and motor on 
wheels running upon rails in the shaft. In such cases, unless 
the pump is mounted on such a carriage that its shaft is 
horizontal, the arrangement of the bearhigs requires special 
attention, as on an incline ordinary ring lubrication will not 
v’^ork owing to the oil rings touching the sides of the grooves. 
Chains will work better than rings, but require more than usual 
attention, and it is better to keep the pump horizontal if 
possible. 

Tresavean Unwatering. — ^An important instance of 
unwatering a mine was fully described by Mr. Brackenbury in 
a paper read in January, 1912, before the Institute of Mining 
and Metallurgy in connection with the Tresavean IVIine, where 
serious obstacles and difficulties were met with, but eventually 
overcome. The engmeers required some faith to start such a 
scheme in Cornwall, where, due to the failure of centrifugal 
pumping plant previously, sometimes to causes quite outside 
the pump itself, the system had been discredited. The 
unwatering of the mine was effected with six centrifugal pumps 
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There are six shafts. I'wo of them have an inclination of 
about 45" ; in each of these shafts a Sulzer high-lift centrifugal 
pump, direct coupled to an A. E. G. motor and erected on a 
carriage, which was lowered into the mine as the water was 
pumped out, was employed. The pumps were rated at 
4,000 gallons per minute at 394 ft. head and were of the one- 
stage type. The motors were operated at 3,000 volts, 50 cycles, 
and rated at 750 h.p. at 1,485 r.p.m. The pump efficiency was 
77 per cent, and the combined efficiency of these sets was 70 
per cent. 

The four other shafts were vertical, and in them sinking 
pumps, which were slung from the surface, were employed. 
Two had a duty of 1,000 gallons per minute at 680 ft. head, 
with motors of 315 h.p. at 1,480 r.p.m. These pumps were of 
the three-stage type with an efficiency of 73 per cent. ; the 
equipment had a combined efficiency of 67'75 per cent. 

The other two shafts were equipped with five-stage pumps to 
handle 1,000 gallons per minute against 540 ft. head direct 
coupled to motors of 250 h.p. at 1.480 r.p.m. The efficiency of 
these pumps was 77 per cent. ; the equipment had a combined 
efficiency of 7T5 per cent. 

In order to facilitate operations the sinking pumps were 
specially designed, so that in the early stages of unwatering 
only one impeller would be in use and at a later stage two 
new impellers would be put into the pump casing. By this 
means the pumps will raise nearly 50 per cent, of their normal 
output at the increased head. 

A complete power station had to be specially built in con- 
nection with the unw'atering scheme containing three 1,140 k.w. 
turbo-generators. 



CHAPTER X 


KOLLIiS’G MILLS 

The application of electric driving to Rolling Mills has gone 
hand in hand with the better utihsation of the w'aste heat from 
the blast furnaces. Some 45 per cent, of the gas from the blast 
furnaces is available for power purposes after the heating stoves, 
blowing engines, and other demands have been met, so that 
where rolling mills are worked in connection with blast furnaces 
the conditions are eminently favourable for the generation and 
use of electric power. A list of German Iron and Steel Works 
published in “ GliicJcauf ” by Dr. Jiingst in December last 
mentions seven works whose aggregate output of electricity 
is upwards of 100,000,000 units per annum. 

To keep the generating plant at full load is essential for low 
cost of production ; hence everything must be done which 
will reduce the fluctuations of the load without unduly piling up 
the capital and stand-by charges in respect of the equalising 
plant, or putting weak links in the chain, which may fail and 
decrease the output of the mill. No economies when running 
will atone for the losses due to breakdown and stoppage of the 
mill. 

Types of Rolling Mills. — There are various classes of rolling 
mill, such as Bloom, Ingot, Sheet, Rail, Tyre, all of which 
take their name from the material handled. There are also 
two main types into which the classes can be grouped, which 
are of more importance when discussing methods of driving. 
These are — 

The Continuous mill, and the Reversing mill . 

In the former the rolls always run in one direction and are 
arranged in frames three or four high, the adjacent rolls of 
course running in opposite directions, so that the material to 
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be rolled can be passed between a pair suitable to give the 
direction required. If a light section or rod is being rolled 
it can be easily lifted from the bottom roll or floor level to the 
upper side of the roll to pass it back, but when heavy sections 
or ingots are being rolled the necessary lifting or tilting tables 
form a most elaborate and costly part of the equipment. 

In the Reversing mill the section to be rolled always remains 
at the same level, the different passes being effected by reversing 
the direction of rotation of the rolls. 

The live rolls in the floor which feed the material into the 
rolling mill have to be reversed as in the case of a continuous 
mill, but as they are always on the ground level and do not 
require elevating or tilting the operating gear is much more 
simple. 

The question as to whether the mill must be of the con- 
tinuous running or the reversing type will be decided by the 
management, who may have predilections in favour of one tj’pe 
or the other, or one of the types may be more suitable for the 
particular work in view. 

The electrical equipment of the continuous type is the more 
simple, as the fly-wheel can be direct-coupled to the motor 
shaft, and the only elaboration Tnll be in the starting gear, 
which must be heavy enough to carry the high current necessary 
to overcome the inertia with reasonable speed. 

The electrical equipment is therefore of the most simple, 
and so least costly, type, but the cost of the three-high rolling 
mill with tilting or lifting tables and necessary auxiliary 
machinery required to work them will be higher than that of 
a two-high reversing mill, which needs no such auxiliaries. 

The reversing mill presents just the opposite characteristics, 
as in order to facilitate reversing quickly the fly-wheel effect 
on the roll shaft must be kept down to the lowest possible limit, 
and to take care of the fluctuations of the load the fly-wheel 
effect must be inserted between the motors and the line. This 
is done by a fly-wheel motor-generator set or equaliser of some 
type, which adds to the expense of the electrical equipment, 
and the roll motor must be large enough to give the fuU power 
for the rolls, and so heavier than the motor for the continuous 
miU, which only supplies part of the energy, the other part 
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being given out by the fly-wheel. The two-high reversing 
mill complete with electrical driving gear will therefore 
cost about as much as the three-high continuous mill with its 
more simple driving gear ; but it is a much more flexible 
machine, as the speed can be varied to suit the different passes, 
with beneficial results on the output. 

To sum up the question : The fluctuations on a continuous 
mill must be taken up by a fly-wheel on the rolhng motor, 
while in a reversing mill they are taken care of by fly-wheel 
effect in a motor-generator set or equivalent means. 

Taking the matter a stage further, and considering the effect 
on the line or power station, the maximum demand will be 
greater in the case of a continuous mill than with a reversing 
mill. This will affect the cost of energy and the economical 
working of the power station. 

The cost of power in a mill is not a large percentage of the 
cost of production, and sometimes it has been considered that 
the saving due to electrical driving is not worth the risk of 
failure in the more complicated machinery. Practical results 
have shown that not only is there a saving in cost of power, 
but there is also an important gam due to the increased output 
from the mill. This increase is due to the more even turning 
moment, which decreases the number of breakages, and to the 
more regular speed of the motor, which does not slow up as 
the load comes on to it. In a reversing mill the speed can be 
varied at wiU, and in a continuous mill with three-phase motors 
two or three speeds are sometimes provided, so that the last 
passes, which are longer and may take less power than the 
earlier passes, can be run at a higher speed. 

The power called for varies within wide limits in the same 
mill. Normally, owing to the irregularity of the surface, 
the work that can be put into the material is not so great in the 
first few passes as in the succeeding passes, and in the last 
passes, if they are finishing passes, for any particular section 
less work must be put into the material, just as in hammering 
the finishing touches are fight ones. Generally, however, 
it may be taken that every time a bar passes it becomes longer, 
and as a rule the power called for is less as the section becomes 
smaller, but the hardening of the metal due to cooling, and the 
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shape of the section, may cause as heavy a call for power in the 
later passes as in the earlier ones. 

A most elaborate investigation of the power taken in rolling 
mills was made by Dr. J. Puppe in Germany. The mill-owners, 
when they saw what was in hand, so appreciated the value 
of the investigation that they threw themselves heartily into 
it and placed their mills at Dr. Puppe’s disposal for the purpose 
of the test, doing all they could to facilitate the research. 
The result is a monumental work entitled Experimental 
- Investigations on the Power Required to Drive Rolling iVIiUs,"’ 
which is full of interesting details. The labour spent on the 
calculations must have been immense. 

A few characteristic values for the kilowatt hours per ton 
rolled obtained on tests from reversing mills were given by 
Mr. C. A. Ablett in his paper read at the meeting of the Iron and 
Steel Institute, September, 1909, and are reproduced in 
Table Kl. 


Table Kl. 

itt IJud!') 

Jtr*t lull 

43 in. X 4J in. billets from 2'5-ton ingots. 

Output, 53 tons per hour . . . . . , 22 5 

6 in. X 6 in. blooms from 2 5-ton ingots 

Output, 63 tons per hour . . . . . . 17 5 

8 in. X 8 in. blooms from 2'5-ton ingots. 

Output, 80 tons per hour . . . . . . 13'U 

12 in. X 9^- in. blooms from 7-ton ingots, 
measuring 34^- in. X 25 m. Output, Go 

tons per hour .. .. .. .. 11'2 

32 in. X 9 in. slabs from 6-ton ingots, measur- 
ing 36in. X 19Jin. Output, 40 tons per 
hour . . . . . . . . . . - . 4'3 

32 in. X 5 in. slabs from 6-ton ingots, mea- 
suring 36 in. X 19J in. Output, 40 tons 
per hour . . . . . . . . . . 5'8 

Flange rails, 100 lbs. per yard, from 2-ton 

ingots. Output, 30 tons per hour . . 48*0 

Beams, 120 lbs. per yard, from 1'5-ton ingots 36'0 
Channels, 92 lbs. per yard, from 1'5-ton ingots 37'0 
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The Mechanics of the Problem are, to a great extent, similar 
to those of the electrical winder. The total power required is 
pi fl, rift up of the power necessary to accelerate the masses, the 
power necessary for rolling, and the power necessary for 
overcoming the friction. 

The power required for rolling depends upon — (1) The 
temperature of the metal ; (2) the quality of the metal ; 

(3) the section to be rolled. 

In a continuous mill, when no speed regulation is required, 
the fly-wheel effect can be applied on the roll shaft and must 
be sufficient to level out the fluctuations in power during the 
various passes. In a merchant miU where several stands of 
rolls are coupled together the material may be passing through 
different rolls at the same time, which helps to average the 
demand for power. 

In a reversing mill the problem is even more akin to that of a 
winding engine. For each pass the following sequence of 
operations has to be gone through : — 

Revolving masses started and accelerated ; 

Friction overcome ; 

Material rolled ; 

Revolving masses retarded and stopped. 

The amount of energy for accelerating the masses is very 
large, and may be as much as 17 per cent, of the total energy 
required. In the case of electrically driven reversing mills the 
energy thus expended may be largely returned, whereas in a 
steam driven miU this energy is lost. 

Friction Losses. — ^Friction losses are highly important owing 
to the relatively short time during which rolling is actually in 
progress. Rope driving was often employed as it enabled a 
high-speed motor to be used, and the ropes kept the vibration 
of the rolls off the motor. The rope drive may, however, be 
responsible for a loss of 10 per cent, of the normal full-load 
power, and at constant speed this loss remains the same, no 
matter whether the motor is running full or only lightly 
loaded. 

In some cases one motor has been used to drive two sets of 
roHs, being direct coupled to one set and roped to the second. 
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Such arrangements may be dictated by convenience and tlie 
difference in cost between one motor and two, but the running 
losses are so important that they must be considered. 

Mr. C. A. Ablett, in his paper read before the Institute of 
Electrical Engineers in January, 1912, Yol. XLVIII., p. G21, 
shows that the loss in rope driving maj’^ amount to 4,200 unit-' 
a week for a 450 h.p. motor in a tin-plate mill. Thi& at ’5d per 
unit amounts to £437 lOs. per annum, and would soon absorb 
the difference in price between a high-speed motor for rope 
driving and low-speed motor for direct couphng to the rolls, or 
betw'een the cost of one motor and two for the same work. He 
cited comparative figures for Sheet Mills which took 135 B.T.U. 
per ton rolled when rope driven and 85 to 90 B.T.L^. when 
direct coupled. 

The vibration caused by the rolls is very great, and would 
soon have a deleterious effect on the motor if it were rigidly 
coupled to them. An elastic coupling should therefore always 
be inserted between the motor and the rolls. The conditions 
under which rolling mills operate are not such as induce nice 
fitting and sweet running. With steam-driven rolls friction 
losses are difficult to measure, but with the ready means for 
taking electrical measurements the author expects that the 
matter will have attention, and the result will be less friction 
and better upkeep, with fewer failures of the roll necks. 

The Electrical Problem. — The essential points in which the 
working differs from the winding engine problem are . — 

(1) There is no fixed time per operation as with a v hiding 

engine, as the time taken per pass becomes longer after 
each consecutive pass on account of the elongation of 
the metal. By controlling the speed of the motor this 
difference per pass may be, to some extent, minimised. 

(2) The acceleration in the case of reversing rolls is much 

more rapid. 

f3) The load is extremely fluctuating — ^in fact, variations 
from 0 to 4,000 h.p. take place in one second, and 
complete reversals in four seconds are common ; the 
load also varies in magnitude from pass to pass. 

The output of the motor is equal to the root-mean-square 



256 


APPLICATION OF ELECTRIC POWER 


torque multiplied by the angular velocity, but as this torque 
varies from pass to pass the root-mean-square value over the 
complete number of passes must be calculated. As a basis 
for determining the acceleration and retardation rates, it may 
be assumed that the maximum torque of the motor must not 
be more than twice the average torque. 

The continuous mill running at constant speed presents no 
serious difficulties. When speed regulation is necessary a 
Kjramer or Scherbins regulating set working in conjunction with 
the main induction motor may be used (vide p 208, ante). One 
advantage in this method of regulating is that on account of 
the phase-correcting properties of the commutator motor the 
output of the main motor is proportionately increased. 

Control. — ^The reversing miU cannot be worked directly from 
the supply ; some form of equaliser becomes necessary. The 
Ward-Leonard-Ilgner control has proved the most economical 
and suitable, and almost all modern plants are carried out on 
that system or modifications of it. By means of the Ward- 
Leonard-Ilgner control the fluctuations of the supply are 
materially reduced, as by means of a shp-regulator the fly- 
wheel stores energy during the rest period or interval between 
roUmgs, and gives out the surplus energy during the rolling 
period (vfde p. 179, ante). The shorter the interval the higher the 
output of the rolling motor, but the smaller the percentage 
fluctuation of power for a given fly-wheel. The longer the 
interval the smaller the rating of the motor, but the larger 
will be the fluctuation for a given fly-wheel. 

The simple Ward-Leonard control does not provide a large 
starting torque, and, as in reversing mills where the motor has 
to be brought up to full speed in the space of a second, large 
starting torques are essential, various modifications have been 
introduced to obtain the necessary torque without sacnfioing 
the inherent qualities of the Ward-Leonard control, among 
which may be cited the Siemens series-parallel control and the 
A. E. G. patent exciter. 

The Blramer and Crepelet systems (vide p. 166, ante) have 
also been employed, and a new application of the battery 
equaliser with a special form of rotary converter. 
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Battery Equaliser. — A new method of employing batteries 
has been evolved by Mr. J. C. Woodbridge in America and 
described by him (Institute of American Electrical Engineers, 
June, 1909). He combines the use of a split-pole rotary con- 
verter connected to the line on its alternating current side and 
directly across the terminals of a battery on its continuous 
current side, with an automatic regulator operated by the line 
current, which determines whether the rotary shall work direct, 
and charge the battery or shall be worked by the battery dis- 
charge as an inverted rotary and feed the line. 

In a split-pole converter each pole of the field magnets is 
divided and energised by two separate circuits ; one is held at 
constant potential, while the potential on the other can be 
varied and reversed. The effect of the change in field strength 
is negligible on the three-phase side of the machine, but 
strengthens or weakens the voltage on the continuous current 
side. Hence, if the line current operates a relay which works 
the regulating and reversing switch on the variable field circuit, 
the split-pole converter will automatically and promptly 
regulate the pressure on the three-phase line without the 
interposition of a booster 

Skinningrove. — A very fine Reversing Rolling Mill has 
been equipped by Messrs. Siemens Brothers for the Skinnin- 
grove Iron Co. at their works in Yorkshire. A Siemens-Ilgner 
electrical equipment is used for driving this mill. The control 
is on the usual Ward-Leonard system, but an additional 
feature is the series-parallel switch in the generator circuit. 
Fig. Kl shows a diagram of the machines and connections. 

The mill consists of a 36-in. cogging mill, a 36-in. roughing 
mill, and a 36-in. finishing mill, all arranged in line and driven 
by one reversing mill motor. The plant is designed for rolling 
down ingots weighing from 2 to 4 tons into rails, beams, angles, 
&c , and to give an output of about 30 tons per hour. If it 
is desired at a later date to increase the output a second motor 
could be put down at the opposite end of the mill to the present 
motor to drive the roughing and finishing mills separately from 
the cogging mill ; the spindles at present coupling the cogging 
mill to the finishing mill would then be removed. 

A.E.P. 


s 
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The reversing motor is a double armature machine, capable 
of giving a normal turning moment of 312 foot-tons and a 
maximum turning moment of 475 foot- tons at all speed>s 
between 0 and 60 r.p.m., with the armature of the variable 
voltage dynamos connected in series. At 60 r.p.m. the outputs 
corresponding to the above turning moments are 8,000 and 
1 2,000 b.h.p. respectively. To enable larger turning moments to 
be obtained during the first few passes in the cogging mill the 
two armatures of the variable voltage dynamos can be put in 
parallel, when a normal turning moment of 425 foot-tons and a 
maximum turning moment of 520 foot-tons can be obtained 
at all speeds between 0 and 30 r.p.m. 

To provide for the finishing passes when low torques are 
required at high speeds to get the material quickly through 
the rolls before it has time to cool, by reducing its field current 
the speed of the motor can be increased up to 120 r.p.m., the 
turning moment being gradually reduced as the speed increases 
to a value of 137 foot-tons at 120 r.p.m. The motor can be 
started up from standstill to 60 r.p.m. in one second, so that 
a remarkably rapid reversal can be obtained. In order to do 
this the motors were designed with the minimum fly-wheel 
efiect, and in order to keep down the diameter of the armature 
each motor was built with two armatures coupled together and 
carried in two bearings. The motors are provided with forced 
draught ventOation. 

The fly-wheel motor-generator set consists of a pair of fly- 
wheels mounted side by side and supported by two bearings, 
each wheel weighing 23 tons. This arrangement was adopted 
to avoid difficulty in transporting a single sohd wheel weighing 
46 tons. The fly-wheels are 12 ft. 8 in. in diameter, the 
maximum speed being 475 r.p.m., or equivalent to a peripheral 
speed of 19,000 ft. per minute ; the stored energy at this speed 
is 178,000 h.p. seconds. 

This fly-wheel set is provided with the usual forced lubri- 
cation and other precautionary measures to ensure reliable 
running. The fly-wheels are coupled to the electrical machines 
by means of a steel needle coupling consisting of two discs 
about 4 ft. in diameter, one of which is keyed to each of the 
shafts. The discs are connected together by forty-four nickel- 
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steel rods, which are rigidly bolted to one disc and rest in 
spherical seatings in the other disc. The coupling is designed 



for transmitting powers of about 12,000 h.p. at speeds of from 
380 to 475 r.p.m. 

The two d 3 mamos are placed nest to the fly-wheels, and the 
three-phase motor driving the motor-generator set is placed 
at the opposite end to the fly-wheels. This arrangement 
was adopted because at times the fly-wheels have to give out 

s 2 
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12,000 li p. to the dyiianiOH, and it is desirable to transmit this 
large power through as short a length of shaft as possible. The 
three-phase motor, on the other hand, does not give more than 
1,825 h.p. to the dynamos or the fly-wheels, as the case may 
be. These dynamos can be connected in parallel or in series 
according as the mill motor is required to give high turning 
moment at low speed or low turning moment at high speed. 
They are provided with a double commutator, interpoles, and 
compensating winding. On account of the high speed no forced 
draught ventilation is required ; the bearings are of the 
ordinary oil-ring type. 

The three-phase motor has a normal output of 1,826 h.p., 
and is wound for 40 ej'cles and 1,650 volts. A small exciter is 
coupled to the three-phase motor end of the motor-generator 
set in order to supply the excitation current for the fields of the 
mill motor and the dynamos. 

With this fly-wheel set an output to the motors up to 12,000 
h.p. during a pass lasting a few seconds can be secured, with an 
approximately steady power from the supply of 1,825 h p. To 
enable the fly-wheel to give out this energy the usual slip 
regulator is proiuded to reduce the speed 20 per cent , thus 
rendering 36 per cent, of the stored energy of the fly-wheel, 
or 64,000 h.p. seconds. 

The control gear is placed on the driver’s platform ; the 
lever on the right is the main control lever and that on the 
left the emergency lever. The first controls the direction of 
rotation and the speed of the mill motor by varying the resist- 
ance in the field circuits of the dynamos and of the reversing 
motor. In the middle position the mill is at a standstill. As 
the lever is moved forwards from the middle point the mill 
motor increases in speed in one direction, and as it is moved 
backwards from the middle point the mill motor increases in 
speed in the other direction. 

The speed of 'the motors is controlled by altering the 
strength both of the generator field and of the motor field. 
IJp to speeds of 60 r.p.m. the motor field is not touched, 
but for speeds above 60 to 120 r.p.m. the motor fields are 
weakened. 

A full description of this plant appeared in Engineering, 
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29th September, 1911 ; the proprietors have been kind enough 
to loan the block of Rig. Kl, showing the connections. 

Dorman, Long. — The electrically driven Reversing Rolling 
INIill at the works of Messrs. Dorman, Long & Co.. iMiddle- 
borough is by Messrs the British Thomson-Houstoii Co , Ltd. 

The cogging mill is designed to reduce mild steel ingots 12 m. 
square and weighing about 1 ton each to billets 3 in. square at 
the rate of about 15 tons per hour. The rolls are connected 
by a special coupling, designed to avoid end thrust, to a motor 
with a continuous rating of 1,200 b.h.p. at 70 r.p ra . which has 
a maximum torque corresponding to an output of 3.600 b.h.p. 
The motor is fitted with commutator poles and special com- 
pound field winding, as will be described more fullj’ in connec- 
tion with the Julienhutte equipment (p. 266, post) The mill 
motor can be reversed from normal lull speed ot 70 r p.iii. 
in one direction to normal full speed in the opposite diiection 
in about four seconds. 

The current is supplied from a fly-wheel motor-generator 
set, the motor in w'hich is of the three-phase type, 950 b h.p. at 
any speed from 400 to 480 r.p m., 2,750 volts, 40 cycles This 
motor can exert two-and-a-half times normal torque The 
generator is 1.000 k.w'. normal rating at 400 volts, and will 
carry up to 9,000 amps without sparking. The fly-wheel 
weighs 30 tons, and has a peripheral speed of IS 600 ft per 
minute. In case of emergency it can be brought to rest in less 
than tw'o minutes by a brake provided with water-cooled east- 
iron brake blocks. 

For starting the motor generator set a barring gear of the 
seK-releasing tj’pe driven by a 15 h p. compound- wound variable 
speed motor is mounted on an extension of the fly-wheel shaft, 
by means of which the fly-wheel set can be started with con- 
siderably less than the normal full load current. The barring 
gear motor is supplied with current from an exciter set giving 
220 volts : 100 amps, is required to set the gear in motion, and 
20 amps, will keep the fly-wheel running at 30 r.p.m. 

The special three-unit exciter set is driven by a 75 h.j^^ 
440 volt, three-phase motor. 

The control of the mill motor is entirely effected by the 
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lation and reversal of the current in the shunt winding of the 
generator field, which is handled by a controller of the tramway 
type fixed on the driver’s platform. 

Hickman. Ltd. — ^A large electrically driven Reversing Rolling 
IVIill equipment has been supplied by the Electric Construc- 
tion Co., Ltd - to Messrs. Alfred Hickman, Ltd., Bilston. It 
consists of a 30 in. cogging mill, which reduces 2§-ton ingots to 
blooms of in. to 6 in. section, and a 24 in. bar mill with two 
sets of housings and roUs, which is built for rolling sheet bars, 
billets, &o. 

This is the only equipment in which variable voltage genera- 
tors and motors work at plus or minus 1,000 volts pressure and 
in which the mills are driven by single motors. Continental 
and American practice is in favour of driving the mills by 
double motors, as it is claimed that they are more handy and 
that the reversing is quicker. 

In this case the guaranteed time of reversal for each mill 
motor was not to exceed six seconds from maximum speed 
in one direction to the maximum speed in the opposite direction. 
In practice this has been easily accomplished. 

The cogging mill motor is connected to the rolls through a 
2 to 1 double-helical gearing. The motor will develop 4,800 
b.h.p. at 1,000 volts for five-second periods six times per minute 
as a roUing load, and a maximum load of 9,600 b.h.p. for two- 
second periods once every hour. The speed of the motor at 
which the output is measured is 120 r.p.m. The efficiency of 
the motor is 94J per cent, at full load. 

The bar mill motor is coupled directly to the rolls, and will 
develop 6,000 b.h.p. for five-second periods six times per minute 
and a maximum load of 12,000 b.h.p. for two seconds once an 
hour. The speed of the motor is 120 r.p.m. This motor 
complies with the same reversing and efficiency tests as the 
cogging mill motor. 

This Fly-wheel Motor Generator Set has occupied a prominent 
position in the Law Courts in ooimeotion with the fight over 
the Ilgner patents. The set consists of one motor, two fly- 
wheels, and two generators, each generator being in direct 
electrical connection with its own mill motor. Power is supplied 




Pig K2 — Hickman’s reversing mill. 


magnetic circuit of the motor is specially laminated for the 
sake of speed control. The generators are both separately 
excited. The eflficiency of each of the three machines is 94J 
per cent, at full load. 
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The two fly-wheels are each 14 ft. in diameter and weigh 
28 tons, Mith a normal peripheral speed of about 15,400 ft. per 
minute. They are each built up of three separate steel castings ; 
the maximum speed of the fly-w'heel set is 350 r.p.m., which is 
decreased by an automatic regulator to 290 r.p.m. To obtain 
this variation in speed the motor of the fly-wheel set has a 
resistance in its shunt field-magnet circmt, which is varied by 
an automatic regulator operated by the main current ; the 
regulator is set to come into operation when the current input 
rises above or falls below a pre-determined value and equalises 
the load on the generating station to within 20 per cent, of the 
average load. 

The control is on a system similar to the Ward-Leonard, the 
voltage variation of each generator being obtained by the 
operation of a single controller situated on the corresponding 
mill platform. This controller varies the field excitation of a 
small motor-driven exciter, which in turn varies the 460 volts 
excitation of the main generator. The speed of the rolling 
motor therefore depends upon the voltage applied to its 
armature. The master controller does not have to handle 
current greater than 1 amp. ; hence manipulation is very easy, 
and there is an entire absence of arcing. With this system of 
control only a small amount of energy is lost in reversing the 
mill, as the energy expended in accelerating the rotating masses 
is largely returned in the form of electrical energy when the 
speed is decreased. Indicators to show the speed of the rolls 
and of the fly-wheel set are mounted on each mill platform, and 
the equipment includes the usual circuit breakers and auxihary 
devices. The electrical connections of the scheme are shown 
in Fig. K2. 


Algoma. — One of the newest reversing RolUng Mill equip- 
ments is that of the Algoma Steel Co. in Ontario, which was 
started in December, 1911. 

The bloom mill is designed to handle 75 tons of 20 in. by 20 in. 
ingots per hour and to turn them into billets 8 in. by 8 in. in 
fifteen passes. The rolls are direct-driven by two 600-volt 
continuous current motors on the same shaft. A heavy thrust 
bearing is inserted between the rolls and the motor shaft. Each 
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of the motors has a normal ratmg of 2,000 h p. at 75 r p m. ; 
their 600-volt armatures are comiected in series. Thej’ have a 
maximum rating of two-and-a-half times the normal, giving a 
combined maximum of 10,000 h p available for short intervals. 

The motor is constructed of the double unit type, in accord- 
ance with the usual practice for a rolling mill where frequent 
and rapid reversals are required and it is necessary to keep down 
the momentum of the parts to the lowest possible point. The 
motors are provided wnth compensating windings, and their 
fields are each separately excited from a 250-volt circuit with 
a regulatmg resistance in each, so that the load on the two 
motors may be equally divided. The direction and speed of 
rotation is controlled by varying the direction and amount of 
the voltage across the armatiu*es on the usual Ward-Leonard 
system. The design has so far fulfilled expectations that 
twenty-two reversals have been made in one minute with 
75 r.p m maximum speed 

A Fly-wheel Motor Generator set supplies the current to 
drive the motors. The induction motor in this set is rated at 
1,800 hp., 2,200 volts, 25 cycles, at 375 r.p m. synchronous 
speed. 

The fly-wheel is 12 ft. in diameter and weighs 66 tons . it is 
made of cast steel in three sections. 

The continuous current generator is also made in two parts, 
each ha\nng a normal rating ot 2,250 h p on 600 volts at 
375 r.p m. The armatures are connected in series, and the 
machines are capable of carrying an overload of two-and-a-half 
times the normal. The generators are of the compensated 
interpole type , the magnetic circuit is entirely of laminated 
steel, so that it may respond quickly to the desired changes in 
strength called for by the rapid operation of the rolls. 

The bearings are provided with forced lubrication, and the 
oil pump is started in the usual way to lift the shaft and bearings 
out of contact and to establish the oil film before the current is 
svdtched on. The starter which is used to bring the set up to 
full speed is of the liquid resistance type and calculated to have 
sufi&cient capacity to absorb the total kinetic energy of the 
fly-wheel set at full speed. 

The motor-generator set is provided with an automatic 
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slip-regulator, which controls the recuperative power of the 
set to suit the work in hand. 

Julienhutie. — A fine Reversing Rolling Mill equipment has 
been put up by the A. E. G. Co., of Berlin, at the Julienhutte 
Works, Gleiwitz. 

The mill reduces ingots about 22 in. square and weighing 
4' 5 tons to billets 8 in. or 3 in. square, and will handle nine or 
ten such ingots per hour, the number of passes being twenty 
to thirty respectively. 

The rolls, which are 43 in. in diameter, are direct-coupled to 
the motors, a heavy thrust bearing being provided to protect 
the motors from the effects of broken rolls. 

The motor consists of two imits erected on one bed-plate. 
They are capable of a continuous output of 3,600 h p. and a 
maximum output of 8,100 h.p. The speed with full field is 
65 r.p.m. and the maximum speed with a weakened field 
120 r.p.m The maximum turning moment is 470 foot- tons. 
The voltage across each armature is 550, giving 1,100 volts 
across the complete motor. 

The Fly-wheel Motor-Generator set consists of two generators, 
t-wo fly-wheels, and two motors. The motors are three-phase, 
6,000 volts, wnth a maximum speed of 375 r.p.m. The con- 
tinuous current generators are each wound for 650 volts, and, 
as will be noted from the diagram (Fig. K3), are connected in 
series and to the rolling mill motor, the two halves of which 
are also in series. The rated continuous capacity of each 
motor is 1,000 h.p. Each fly-wheel weighs 24 tons. 

An important point in this successful installation is the 
compound arrangement for exciting the motors, which is 
arranged according to the A. E. G. Co.’s patents. 

It will be seen from the diagram that the field of the rolling 
mill motors and of the generators is due to three different 
windings : — 

(«) The compensating windings, which are all in series : 

(&) and (c) Separately excited windings, the energy for which 
is taken from one or other of the two dynamos (Nos. 17 and 18) 
on the motor-generator exciter set driven by motor No. 16. 
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One of these two dynamos (No. 17) is an ordinary continuous 
current compound-wound machine, which supphes the main 
fields of the mill motors (No. 7) and of the generators (No. 2) of 
the fly-wheel set. The other dynamo (No. 18) is a special 
series machine whose field is solely due to the main current ; 
this machine is called the auxiliary exciter, and the fields 
energised by it are called the auxiliary fields. It has a weakly 
saturated field, so that its output is directly proportional to 
the current in the main circuit, but reverses in polarity at each 
reversal of the main circuit. 

The auxiliary field on the rolling mill motor is always kept 
in the same sense as the main field of the motor : the com- 
pounding effect, therefore, of the auxiliary field is to increase 
the torque of the motor ; hence the auxiliary field of the motor 
has to be reversed at each reversal of the main circuit. 

The auxiliary exciter also supplies the auxiliary field of the 
main generator, which is compounded to always oppose the 
main field ; hence this circuit has not to be mechanically 
reversed. The effect of the compounding by these differential 
windings on the main generator is to reduce the current in the 
main and the speed of the rolhng motor, and so in a qualified 
way to imitate the action of a steam engine, which slows up 
when the torque is suddenly increased, the difference, however, 
being that by the electric method the slowing up can be 
controlled to suit the work in the rolls, and also prevent rushes 
of current tripping the circuit breakers. 

This arrangement gives the effect of a differential compound 
winding on the main generator and a compound winding 
on the rolling motor respectively without the necessity of 
switching the main circuit, so that the working is as simple as 
the usual Ward-Leonard. 

Hildegarde. — ^The Reversing Rolling Mill at the Hildegarde 
Works in Austrian Silesia is designed for reducing 2-ton 
ingots to billets, and for the first passes has to reverse about 
every six seconds. The rolls are driven by three continuous 
current motors, which are rigidly connected by couplings and 
supported in four bearings on a common bed-plate. Each motor 
has a normal rating of 1,200 h.p. at 330 volts ; the maximum 



268 


APPLICATION OF ELECTRIC POWER 


speed is 120 r.p.m. The maximum horse-power o£ each motor 
for short periods is 3,600, so that 10,800 h.p. maximum can be 
applied on the roll shaft. The motors have Deri compensating 
windings and separately excited shunt windings. 

Current is supplied by an equaliser set consisting of a 
2,500 h.p., 3,000-volt induction motor, two 500-volt continuous 
current generators each of 1,500 k w. normal and 4,300 k.w. 
maximum output, and two fly-wheels running at from 300 to 
375 r.p.m. The two cast-steel fly-wheels are 13 ft. in diameter, 
and each weighs 26 tons. The two continuous current gene- 
rators and the three roll motors are permanently connected 
in series, and are controlled by Ward-Leonard regulation. 
Water-cooled brakes are provided on the fly-wheels, by which 
they may be stopped quickly in case of emergency. The fly- 
wheel effect is such that the power taken from the gene- 
rating station is only about 25 per cent, of the maximum 
power required for the rolling mill. 

Benrath. — A Continuous Rolling Mill equipment with a 
Kramer system of regulation, also by the A. E. G. Co , of 
Berlin, is working at Benrath, near Diisseldorf. 

There are two motors connected on the roll shaft , one is 
an alternating current motor, 5,000 volts, 1,000 h.p. normal 
rating, 2,000 h p. maximum, at 80 to 100 r.p m. The other 
is a continuous current 300 h.p. motor. 

The slip rings of the alternating current motor and the 
armature of the continuous current motor are connected to the 
two sides of a Kramer rotary’ converter (uirfep. 208, a7ite) which 
stands alongside. The rotary converter is rated at 60 to 220 k.w. 
at from 120 to 360 r.p.m. By this combination the speed of the 
main motor can be varied 33 per cent. The shaft of the main 
motor is connected through a leather belt flexible coupling to 
the middle line of a three-high stand of rolls, a heavy fly-wheel 
being mounted on the shaft between the coupling and the roll 
gear box. 

The supply is taken from the public mains, starting being 
effected with a liquid resistance. The maximum reading when 
the motor begins to move and before the oil film had been 
re-established in the bearings is 1,000 k.w. The main motor 
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is first started up and then the rotary converter is cut in with 
a simple switch arrangement, the continuous current motor 
being afterwards put in circuit and the speed regulated 
thereby. 

The auxiliary machines for oil and water supply are aU 
electrically driven. The tilting tables and live rolls are also 
electrically driven. Controllers for the motors of the tilting 
tables are arranged on an overhead bridge on either side of the 
rolls ; a separate stand is provided for the live-roll control, the 
man operating them being situated at the end of the mam rolls. 
This means that three men are occupied in controllmg the 
auxiliary motors in addition to the squad handling the steel. 

The Plate Mill in the same works is equipped with a three- 
phase, 5,000-volt motor of 1,200 h.p. normal rating and 
2,400 h.p. maximum at 150 r p m. This motor is connected 
by thirty-two ropes IJ in diameter to a 29-ft. fly-wheel 
weighing 85 tons and running at 30 r.p m., from the shaft of 
which the plate rolls are driven. 

Voelklingen. — At these works near Saarbrucken there is a 
Continuous Rolling Mill for wire and iron rods driven bj’^ a 
2,000-h p , 105 r.p.m. gas engine. Diificultj^ was experienced 
on account of the fluctuating load, and to assist the gas engine 
an electric motor was coupled on the same shaft. The size of 
the motor was chosen with a view of enabling it to undertake 
the whole work and so act as a spare to the gas engine, 
especially as it was the intention to remove the engine in the 
future. 

The restricted space between the fly-wheel and the rolls did 
not permit the adoption of a normal construction. The outer 
bearing of the fly-wheel was removed, and a new shaft put 
into the fly-wheel with a solid half coupling, on to which the 
motor shaft is attached. This coupling runs inside the motor 
bed-plate, which has two bearings of unusually massive 
construction to support the weight of the fly-wheel. The 
energy is supplied at 5,000 volts three-phase, the rotor being 
wound two-phase in order to simplify the starting gear, which 
is of the liquid resistance type. 

The engine is supplied with blast furnace gas and is allowed 
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to run continuously at full load, the regulation being done by 
the motor. 

The mill consists of a three-stand roughing mill and a three- 
high finishing mill consisting of fourteen stands. 



Both the gas engine and motor are connected direct to the 
roughing mill. A rope pulley, 23 ft. in diameter, weighing 100 
tons, which also acts as a fly-wheel, drives the first set of finish- 
ing rolls by means of nine ropes 2 in. in diameter at a speed of 
250 r.p.m. The second and third sets are driven by twelve 
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and fifteen ropes respectively, and run at speeds of 400 and 
500 r.p m. respectively. 

The ingots are 4 in. by 4 in. section, weighing 300 lbs. each, 
and are rolled into a rod of 0‘2 in. to 1‘2 in. diameter, and strip 
iron 0'7 in. to 1'2 in. in width. 

Measurements show that with the motor alone driving it 
developed 2,000 h.p. normally, and was capable of giving 
100 per cent, overload. By means of the coupling the gas 
engine can be disconnected, when the motor undertakes the 
whole work alone. The chief interest in this plant lies in. the 
parallel running of the gas engine and the three-phase induction 
motor. 

Terni Steel Works. — This installation in Italy is specially 
interesting from the point of view that the energy for driving 
the Reversing Rolling Mills is generated from water-power. 

The power is at present obtained from falls jnelding about 
66,000 gallons per minute at 610 ft. head, which corresponds 
to 12,000 h.p. at the turbines. 

One of the most interesting features of this plant is 
the armour-plate mill, the necessary power for which is 
furnished by a 3,500 h p. turbine with two Pelt on wheels, 
3 ft. 3^ in. in diameter, the turbine runs at a speed of 360 
to 450 r p.m and develops with almost a uniform efficiency 
from 1,500 to 3,500 h.p. on a w’ater consumption of 176 to 
440 gallons per second at the respective speeds. 

The turbine is coupled direct by means of an elastic coupling 
to a fly-wheel 13 ft. in diameter, weighing 50 tons, and three 
Lahmeyer continuous current generators for suppljung the 
mill motors. The general arrangement is shown in Fig. K4. 

The motor of the mill is reversible and built in two parts. 
It is coupled to the mill by means of an elastic coupling of 
special construction and controlled on the Ward-Leonard 
system. It develops 5,874 h.p. at 90 r.p.m. and 600 volts, 
and can take short overloads up to 16,320 h.p., of which the 
turbines supply one-fifth and the fly-wheels four-fifths. 

The Gary, U.S.A., Continuous Rail Mill is the largest in the 
world, and presents several interesting features. The main 
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rolls of the mill are driven by six induction motors having a 
combined capacity of 22,000 h.p., made up of the folio-wing 
units : — 

Two 2,000 h.p. . . at 214 r.p.m. 

One „ . . „ 68 „ 

One 6,000 h.p. . . ,,88 ,, 

One „ . . „ 83 „ 

One „ . . „ 75 „ 

The capacity of the mill is 4,000 tons of finished rails per 
twenty-four hours. It is not only the largest, but also claims 
to be the onl}’^ electrically driven mill in the world, rolling 
rails direct from the ingot ^vithout reheating. 

Another interesting feature of the plant is the battery used 
for equalising the load working in connection with a split-pole 
converter {vide, p. 257, ante). 

The effect of the battery regulation on the operation of the 
plant is said to be very marked. It has led to the shutting down 
of one of the 2,000 k.w. gas engme units, and the voltage 
regulation since the battery came into use is excellent. 

There are two series of chloride batteries, each of 125 cells for 
4,220 amps, at the one-hour rate, or 8,640 amps, at the normal 
discharge rate. They work in parallel, and are capable of 
giving 17,280 amps, at 200 to 230 volts, but discharges as high as 

25.000 amps. (= 5,000 k.w.) have been taken. The two split- 
pole converters are wound for six phases. Each has a rating 
of 6,800 amps, continuous current at a voltage of 225 to 275 ; 
the momentary overload is 10,000 amps, at 300 volts when 
working as a true converter, or 14,000 amps, at 200 volts con- 
tinuous current input as an inverted converter. The power- 
house contains seventeen 2,000 k.w. alternating current units, 
of which fifteen are gas driven and two steam driven, and two 

2.000 k.w. continuous current gas-driven imits. 



CHAPTER XI 


MACHIlSrE TOOLS AND CRANES 

The application of electric motors to machine tools is too 
general and well accepted to need special comment at this 
time, and the space at our disposal will not permit a lengthy 
description of the application of electricity to small tools. 
Heavy industries, however, always have light work and light 
tools to be operated in connection with them, so the author may 
be permitted to say a word or two about electrical driving in 
general. Here, as elsewhere, the main idea in applying elec- 
tricity is to save stand-by losses and losses in transmission. 

If light machine tools of one class can be arranged in groups, 
it will generally be found convenient and economical to adopt 
group driving and not individual driving. If, however, the 
tools are not of the same class and have to be run separately 
and at odd times, individual driving may be the better plan to 
adopt. Many shops have been equipped with individual 
driving, carried to such an extent that it would appear to have 
been a fetish rather than economical considerations that 
decided the lay-out. 

Eor driving machine tools, cranes, and nearly all purposes 
in works variable speeds are essential ; consequently con- 
tinuous current is preferable to alternating. The advent of 
the compensated field motor and the mterpole motor, whereby 
speed control is obtained without sparking troubles, has given 
a great impetus to individual tool driving. Before the develop- 
ment of the interpole motor the multiple voltage-control 
system attained some prominence. In this system three 
generators or balancers of different voltages were connected in 
series, and speed control was obtained by connecting the motor 
across one or more of them. Where the supply is alternating 
it is sometimes necessary to convert it to continuous current by 
motor generators, which it is advisable to equip with a fly- 

A.E.P. T 
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wheel in order to equalise the load. Speed control is generally- 
effected by regulating the fields of the motor, but series-parallel 
control may advantageously be adopted in many cases. In 
large systeins 3.000 or 5,000 volt three-phase may be used for 
distribution and for large motors, and for conversion to con- 
tinuous current for small motors, or where vai’iable speeds are 
called for. On continuous current schemes the pressure may 
conveniently be taken as 400 to 500 volts for large motors and 
200 volts for small ones. 

The motors should be standardised and chosen with a view 
to facilitate exchange and repair in case of breakdown, should 
be insulated with non-hygroscopic material, preferably impreg- 
nated, and may often with advantage be all selected of the 
“ water-proof class. Where the machines are standing prac- 
tically, if not actually, in the open air, these qualities are 
essential, and even when they are situated under cover the 
“ water-proof " protection is valuable. The entry of metallic 
chips and dust must be guarded against by efficient 
screening. 

Switch-gear should be of a particularly robust t jqDe. and the 
starting switches should be provided with a no-load release in 
addition to the usual over-load cut-outs. It is good practice 
to put an ammeter on motors worldng heavy tools, especially 
in these days of speeding up.’’ 

In the LT^nited Kingdom the Electricity Rules made by the 
Home Office under the Factory and Workshops Acts must be 
borne in mind ; in this connection the Memorandum (Form 928, 
Feb., 1910) by H.M. Electrical Inspector of Factories will be 
found useful. 

Complete supervision of the electrical equipment is essential ; 
neglect of this point may prove costly. Where such super- 
vision exists failures and breakdowns are remote. A short 
time since the author visited a large steel works where 
electricity has been extensively employed for the last twelve 
years or more. There are now upwards of 400 motors and 
500 arc lamps in use, all of which are kept in repair by the 
“ hospital ’’ staff on the works. In the hospital there were 
only four armatures, two of which w'ere under repair and two 
waiting to be repaired at the time of his visit. 
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Heavy Machine Tools. — Fig. Li shows a very fine twin-]ib 
armour-plate dnlLng and tapping machine of the heaviest type 
by Mes-srs Joshua Buckton & Co. This is an excellent example 



Fig. L2 — Buckton’s lathe for 13 5" guns Ileadbtock emi 
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of a special tool made for a particular purpose. Each of the 
two jibs can be independently traversed to and fro upon 
the bed by a 10 h p. continuous current motor, which is 
situated at the base of its column. Each of the spindles is 
driven by a continuous current 25 h.p motor on the top of it-s 



Fig. L3 — Buckton’s lathe fo: 13 5" guns-. 


column. As these machines have not only to drill but to tap 
holes up to 5 in. diameter in armour-plate, the spindle must 
be under very complete control for stopping, startmg, and 
reversing, all of which is effected by means of the motor 
control gear. 

The motor is of the variable-speed type for a range of 3 to 1 
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and provided ■\vitli a reversmg controller and a solenoid brake, 
which enables the spindle to be controlled w'lth the degree of 



nicety necessary to tap a blind hole. The spindles can be 
swivelled to any angle, and are always uniformly balanced. 


Fig L^ — Lathe with lam-pioof motor 
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A horizontal hot bloom shears for cutting hot steel blooms 
8 in. square is driven bj’’ a direct-coupled continuous current 
electric motor of 80 h p. which is connected through gearing, 
to the eccentric shaft actuating the reciprocating shear slide. 

Figs. L2 and Ls show the head-stock end and a general view 
of a large gun lathe, by Messrs. J. Buckton & Co., for dealing 
with 13‘5 in, guns. The lathe is driven by a continuous 
current direct -coupled motor of 100 h.p., having a variable 
speed range of 6 to 1, which drives two twin- worm wheels 
upon the lathe spindle through a train of spur gear, the 
work being equally divided between the two wheels, and the 
thrust of the worms being taken upon compensating oil pivots. 
An auxiliary motor of 5 h p is used for moving the tail-stock. 
This is one of the largest gun lathes in existence, and handles 
the heaviest gun used in the navy, which when complete 
weighs about 78 tons. 

Pig. L4 shows a variable speed rain-proof type 40 h.p. 
continuous current motor bj’ Messrs. Laurence, Scott cS: Co., 
running from 300 to 750 r.p.m., driving a large Shanks lathe 
at Messrs. Harland and Wolff's Ship Repairing Yard at South- 
ampton. The controller is seen fixed on the floor near the 
head of the lathe. 

All the machines in this yard are of the rain-proof type. 
When deciding on the equipment of this new yard rain-proof 
type motors were generally adopted — in some cases because 
the machines were placed actually in the open, or in more or 
less temporary sheds ; but m many instances the type uas 
adopted to prevent metal chips and turnings from getting into 
the motor. This latter point might have been met by the 
adoption of ventilated motors protected with gauze grids, but 
the rain-proof type was used in preference to secure the 
maximum amount of interchangeabihty and security. 

In the same yard a 20 h p. compound w^ound motor drives a 
Cameron punch, which will make 2-m. holes in a 2-in. boiler 
plate. The motor is mounted on a spring suspension and pro- 
vided with a tramway type controller. 

Planing Machines. — Belt-driven Planing Machines were all 
formerly reversed by cross-belts, and generally arranged for 




Fig Tjo — Ijucktuii’s tandem table planing machine 
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the bed to travel at a higher speed on the return stroke. The 
first planing machines driven electrically were reversed in the 
same way. Several methods of reversing planing machines 
are now in vogue. 

Fig. L5 shows a variable speed heavy type planing machine 
by Messrs. J. Buck ton & Co., with tandem tables, each of which 
will plane 61 ft. long by 5 ft. wide by 5 ft. high at a cutting 
speed of from 17 ft. to 60 ft. per minute and a return speed of 
136 ft. per minute. The machine is driven by a 50 h.p. 
reversing motor coupled direct to the machine. The motor 
is driven by current from one of the Lancashire Dynamo Co.'s 
motor generator sets, which is placed upon the top of the 
machine and runs at constant speed. The motor of the motor 
generator can be arranged to be driven either from alternating 
or continuous current. The generator voltage can be varied, 
thus giving the changes of speed on the maehme over a total 
range of 8 to 1. The machine takes the same strength of cut 
at all speeds, the horse-power given out by the planer motor 
being directly proportional to the cutting speed. 

Messrs. Buckton also make a speciality of a double-cutting 
planing machine which is driven by a reversible motor at the 
same speed in each direction. Fig. Lu shows such a machine, 
which is driven by a 30 h p. motor running at 600 r p.m , and 
puts a 15- ton pull on the table through a slow-running heavy 
belt. The belts do not shift on fast and loose pulleys, but are 
themselves tightened and loosened alternately, and when at 
half -stroke of the jockey pulley each runs loosely in a loop 
under its respective pulley without touching it. The cutting 
speeds are 17, 35, and 60 ft. per minute, the return speed 136 ft. 
per minute. The belts are carefully sewn and are endless, 
without any laced or metalhc joints, any stretch in a new belt 
due to working is taken up by moving the position of the jockey 
pulley. The belts are 8 in. wide, and as they are not subject 
to contrary flexure round the jockey piiUeys and encounter no 
edge friction from belt-striking forks, they are free from the 
elements of self-destruction usually found in heavy planing 
machine belts or belts used with a jockey pulley. 

The broad belts and low velocity instead of narrow belts and 
high velocity are chosen to keep down the inertia, which is the 



282 


APPLICATION OF ELECTRIC POWER 



difBcuIty in stopping and starting an ordinary belt-driven 
planer. The photographs from which these figures have been 
prepared were kindly supplied by Mr, J. Hartley Wicksteed, 


Fig JJj — riiGiiij" mfithijie 
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Past President of the Institution of Mechanical Engineers, who 
fully described Messrs Buckton’s system of double-cutting and 
high-speed planing machines in a paper read in November, 1911, 
before the Institution of Mechanical Engineers This applica- 
tion of jockey pulleys, which has given the greatest satisfac- 
tion in operation, is very interesting, particularly' when the 
experience with jockey pulleys elseu here is remembered. In the 
ordmary jockey pulley arrangement the belt is bent both ways, 
as the pulley usually/ runs on the outside of the belt. To over- 
come this difficulty hnk belts have frequently been employed, 
but they are very heavy, and for a given width of pulley there is 
only half the useful surface for grip which obtains with a plain 
belt. In Messrs. Buckton’s device this feature is eliminated. 

The author was surprised on a recent visit to the Continent 
to see some 400 h p motors driving air compressors v ith a 
jockey pulley and hearing from the engineer that they were 
giving absolute satisfaction The system used in that case 
is the “ Lenix,” in which the jockey' pulley' is pivoted gene- 
rally concentrically, with the driving pulley, so that as the 
belt comes round the tendency' of the jockey' pulley is to wrap 
the belt round the driving pulley' 

The IVard-Leonard control has been introduced by’ the 
Lancashire Dynamo Co. with great succe'^s in the driving ot 
Buckton planers. The equipment consists of the usual 
“ starting generator,” which supplies the energy’ to drive the 
direct- coupled planer motor Reversing and speed regulation 
IS effected by field control of the generator , hence belts and 
gearmg are done away’ with. 

The mam advantages of this sy’stem are : — 

(1) Large range of speeds ; 

(2) Gain of time at reversals, hence increased output of 

planer ; 

(3) Regeneration of current, as the momentum of the moving 

parts is absorbed by the motors and in part returned 
to the line, thus providmg an efficient brake which 
reverses the motor instantaneously’ ; 

(4) Steadiness of working, 

Mr. A. D. Williamson, of Messrs. Vickers’, Ltd., described 
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the Vickers' system of speed control of planing machines before 
the Institute of Electrical Engineers, Vol. XXXII., p. 925. 

This system consists of a variable speed motor with suitable 
starting and reversing switches and a speed regulating switch 
w'ith resistance adjustable by hand. 



Fig L7. — ^Vickers’ gun-rifliag machines. 


The planer is driven by the motor through suitable gearing. 
On the cutting stroke the motor runs at any convenient speed 
for the work in hand ; at the end of the stroke the motor 
reverses automatically, and a resistance is inserted in the field 
circuit which raises the speed for the quick return stroke. At 
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the end of the return stroke, and just before the reversal, the 
field resistance is short-circuited, which slows down the motor 
and provides a strong field m which to reverse the armature. 

The reversing is controlled by tappets, which can be fixed 
at any point on the table to give the length of the stroke neces- 
sary for the work in hand. The sparking is all taken care of 
by carbon blocks on the switches, and the wear and tear is so 
small that nothing in the way of repairs further than a few 
blocks were required to keep an armour-plate planer driven 
by a 20 h.p. motor running night and day for six j^ears. 

Such systems of electric control prevent the loss of time due 
to the slipping of belts, the waste of energy in driving the belts 
and reversing pulleys, and the expense of belt renewals, which 
is a considerable item on large planers. 

In a horizontal planer 12 ft. by 5 ft. by o ft., bj* Messrs. 
Fairbum McPherson, fitted with the Vickers’ reversing drive, 
the motor is of 20 b.h.p., with a speed range of 300 to 900 r.p.m. 
giving cutting speeds of 25 ft. to 75 ft per minute, and a return 
speed of the table of 75 ft. per minute. One of these planers 
was exhibited at the Olympia Exhibition in 1905. 

Sundry Tools. — Fig L7 is interesting, as it shows a Gun 
Rifling Machine in the foreground fitted with Vickers’ patent 
system of beltless reversing drive, while the machine m the 
background is worked by open and cross belts in the old 
method. The gain in space and convenience is very marked. 

A Plate Edge Planer by Messrs. Hugh Smith & Co. is driven 
by a 20 b.h.p. motor fitted with Messrs. Vickers’ reversing 
drive. The machine is used to plane steel plates .26 ft. long by 
1^ in. thick at 40 ft. per minute, and removed a 1 J in. cut, by 
^th of an inch feed, at 40 ft. per minute from mild steel plates 
on an actual test. 

A Railway Wheel and Tyre Lathe by Messrs. G. A. Harvej^, 
Ltd., is driven by a 40 b.h.p. Vickers variable speed motor with 
a speed range of 2^ to 1. The lathe was designed to take the 
heaviest cuts with high-speed steel tools. The changes in the 
spindle speed of the wheel lathe are obtained entirely from the 
motor. In the tyre lathe there is, in addition, a change of gear 
by which a total variation of speed is obtained of 16 to 1. 
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A Boring and Turning Lathe, 4 ft. 6 in. centres, is driven by 
a 40 b.h p. variable speed Tickers’ motor running from 400 
to 800 r p m., and giimg face-plate speeds of i to 36 r.p.m. with 
100 intermediate speeds. The machine is also fitted with a 
10 b.h.p motor running at 600 r.p.m. and a quick feed for 
loose head-stocks and slides. 



Fig LS — Portable drill 


Where heavy parts have to be tooled and the amount of 
tooling is relatively small it is frequently convenient to take 
the tool to the work instead of the work to the tool. Fig. L8 
shows a portable drill working in an open yard on heavy 
eastings intended to form the stator of slow-speed alternating 
generators. The economy in tooling in this way is obvious. 

The above give a general idea of the size of motors required, 
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and the class of work that they may be called upon to do, in 
the electric driving of machine tools. 

Cranes and Travellers. — In no class of heavy fool is the 
advantage of electric driving more marked than m Cranes and 
Travellers. In the special cranes, such as are used for building 
work and are commonty called “ Scotchmen,” the convenience 



Fig. L9 — Travelling crane with gantry built into roof. 


and economy of the electric motor as compared with the steam 
engine and boiler is evident by the continued increase of such 
machines. The bigger the crane the bigger the advantage of 
electric drivmg. The engine and boiler is certainly of some 
advantage as counter-Aveight, but counter-weight may be more 
cheaply and economically provided than in the shape of an 
engine and boiler. 
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In the case of travellers for shop work fly-ropes were the only 
alternative to an engine and boiler on the traveller, and these 
present considerable difficulties in arrangement as well as wear 
and tear and other objectionable points. 

For light w'ork walking cranes of the post t 3 rpe are frequently 
used. The foot of the post of such a crane is stepped into a long 
carriage, which runs on a single rail ; the length of the carriage 
serves to keep the post upright in one direction ; the head of the 
post is guided in the roof between two rails, which serve as a 
guide and keep the post upright in the other direction. Such 
an arrangement is inconvenient on account of the floor space 
occupied. Fig. L9 shows an alternative arrangement adopted 
in the Frankfort Works of the Lahmeyer Co. ; the gantry for 
the crane was specially designed as part of the roof for the new 
shops, and the arrangement proved extremely convenient. 

An example of an electric crane by Messrs. Stothert and Pitt 
at Heyshain Docks hfts 3 tons at a fixed radius of 34 ft., and is 
erected with the front wheels on the quay wall. This crane is 
what is known as the half -portal type, with a span of 31 ft. 2 in. 
and a difference m rail level of 20 ft. 4 in. between the quay wall 
and the building upon which the back wheels of the crane run. 
The lifting and the slewing motions are operated by separate 
motors of 40 b.h.p. and 7 b h.p. respectively. In a crane of 
this description travelling motion is seldom required, and so is 
provided for by hand-power only. 

A oO-ton electric crane at Southampton Docks by the same 
makers lifts 50 tons at 87 ft. radius and runs on rails of 
25 ft. 6 in. gauge. The lifting motion is operated by two 50 h.p. 
motors, with series-parallel control, at a speed of 16 ft. per 
minute for full load, or 56 ft. per minute for light loads. The 
derricking speed is 8 ft. 6 in. per minute, and is operated by an 
80 h p. motor. Slewing is effected by a 25 h.p. motor at the 
rate of one revolution in two-and-a-half minutes. The crane 
travels on twenty wheels at the rate of 30 ft. per minute when 
fully loaded : this motion is operated by a 50 h.p. motor. 

Pig. Lio shows a 150-ton Giant Crane, at Messrs. John 
Browm & Co.’s Works, Clydebank, the steelwork of which 
was made by Sir William Ajrol & Co., while the hoisting gear 
was made by Messrs. Stothert and Pitt, Ltd- The height to 
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Fi©. LlO. — ISO-ton Giant crane. 
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the top of the tower from the ground line is about 125 ft. and 
to the top of the r ails on the cantilever 163 ft. 4 in. This 
crane will lift — 

150 tons at 85 ft. radius at 5 ft. per minute, or 

120 ,, 100 ft. ,, j, j> 

100 „ 114 ft. „ 7 ft. 6 in. per minute, or 

80 ,, 133 ft. j »» >» 



Fig Lll. — 150-ton ladle crane. 

The main hoist is driven by two 60 h.p. motors with series- 
parallel control. 

There is also an auxiliary hoist which is driven by~a 60 h.p. 
motor, provided for loads up to 30 tons, which wiU handle 

30 tons at 12 ft. 6 in. lift per minute, or 
7| „ 50 ft. 


39 


99 
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The racking motor is 50 h.p., and will give speeds for 

150 tons at 40 ft. per minute, or 
30 „ 100 ft. 

The slewing motor is also 50 h.p. and the slewing speed for 
150 tons is one revolution in ten minutes, and for 30 tons 
one revolution in five minutes. 

In a 40-ton Traveller constructed for a Sheffield Steel Works, 
the span of which is 81 ft. 9 in., four motors are provided, as 
under. 

Main hoist, 40 h.p. . . speed 10 ft. per minute. 

Au x iliary hoist, 30 h.p. . . speed 20 ft. for 15 tons, or 

40 ft. for 5 tons. 

Cross traversing 13 h.p. . . speed 100 ft. per minute. 

Traveller motor, 45 h.p. . . speed 200 ft. ,, 

The gear throughout is of cast steel wnth machine-cut 
teeth. 

Fig. Lll shows a 150-ton Ladle Crane by Messrs. Wellman- 
Seaver and Head with a 25-ton auxiliary trolley. Thej crane 
is operated by the following motors : — 

Main hoist, 80 h.p. motor ; 

Cross traverse, 35 h.p. motor ; 

Long travel, 60 h.p. motor ; 

Auxiliary hoist, 60 h.p. motor , 

Auxiliary cross traverse, 10 h.p. motor. 

The gear for carrying the ladle is clearly shown. The ladle 
is tipped by the aid of the auxiliary hoist. The crab for the 
main hoist runs on the top of the girders, while the auxiliary 
hoist runs inside the girders ; the swinging girder which carries 
the ladle is of such a width that the auxihary hoist can pass 
through the ropes. 

Speeds. — In connection with electric travellers, the purpose 
for which the machine is intended has to be considered when 
settling the speeds. A traveller which is used as a transporter 
can run faster and does not require such nicety of control as a 
traveller which is used, say, in a foundry where core boxes 
have to be lifted, or in a workshop where plant has to be 

vr 2 
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assembled or dismantled. Table Ll is interesting as showing 
some speeds used in actual practice. 

These speeds may be modified by considerations of the 
height and lift and the length of travel required. It is also 
important to consider whether the crane attendant operates 
the crane by ropes from the floor or is situated in a cab carried 
by the crane, which is the better and more usual practice. 


TABLE Ll. 
Speeds of Cranes. 


Feet per Minute. 


Dockside Crane, 

99 99 

99 99 

99 99 

Coaling 
Forge „ 

Hailway, Goliath, 


40 ft. radius 

46 ft. 

45 ft. „ 

46 ft. „ 

36 ft. 

24 ft. 

56 ft. span 


Power Stn. Crane, 62 ft. ,, 


Ladle Crane, 90 ft. 


Boder Shop, Goliath, 80 ft. 


Herbert Morris’ 
Standard Power 
Station Crane 

99 


20 ft, to 
80 ft. span 


99 


I^o.id j 
in Tons ; 

; Lifting 


3 

120 1 

1 li 

240 j 

3 

120 

4 

120 

( 10 

45 ) 

t 5 

90 ] 

21 

25 

15 

10 

1 10 

10 / 

i 5 

15 ) 

i 25 

12 ( 

( light 

33 ) 

i 50 

15 

1 10 

30 ) 

f 60 

, 6 i 

( 10 

1 36 j 

\ o 

15 ) 

( 2 

. 38 ) 

t 10 

i 10 ) 

1 34 

; 30 ) 

) 25 

7i 1 

1 6 

; 30 |) 

1 50 

1 ® U 

1 12i 

; 24 ij 

( 75 

i 5 ,) 

( m 

: 20 ^ 


Slew- 

ing 

Deiiicking, 

Riicking, 

or 

Tra\ eiMng 

Ti axel- 
ling 

400 


Hand 

220 

300 

45 

33 

99 

50 

100 

20 

Hand 

250 

75 

15 

— 

— 

80 

150 

— 

80 

130 

— 

— 

250 

— 

80 

150 

— 

75 

250 

— 

75 

250 

— 

65 

200 

— 

65 

200 

— 

60 

160 


The speed of lowering may, in certain cases, be even more 
important than the speed of lifting. For instance, there is a 
100-ton crane at the Woolwich Arsenal which is used for lower- 
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ing gun tubes into the oil-tempering baths. The clear headwaj" 
under the crane is 98 ft., and this crane frequently has to 
lower pieces weighing 75 tons 75 ft. in thirteen seconds — in 



Fia. Ij12. — ^^’’ellman-S'eaver aad Head’s stripper. 
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fact, pieces weighing 75 tons have been lowered 75 ft. in ten 
seconds, but this is as much due to expert handling as to 
crane construction. 

Steel Works. — ^In no industry has the benefit of electric 
driving been more appreciated than in Steel Works. The use 
of electricity for driving the rolls and doing the heaviest work 
has already been considered, but it is even more valuable as 
a labour-saving agent in its ready application to the various 
ancillary operations in the steel mill. 

The elevator equipments which form part of an up-to-date 
blast furnace plant are best operated electrically, as then the 
automatic and safety devices which make for economical and 
regular working can be most easily applied. 

A visit to an up-to-date steel works is most impressive in 
its exhibition of machines which show the highest combination 
of skilled mechanical and electrical design ; so happy, indeed, 
is this application of electricity that the motors are quite 
unobtrusive parts of machines, which appear instinct with life 
and almost as having discriminating powers. Such machines 
originated in America and Germany, but are now made to such 
perfection in England that they are in some cases bought by 
German steel makers, who prefer them to their local productions. 

Strippers. — Steel ingots are cast in long taper moulds, open 
at each end, which stand on their bases ; the operation of 
stripping the mould is effected by a machine which, as it were, 
grips the head of the mould with a finger and thumb and while 
lifting it presses the ingot down with another finger to prevent 
its being lifted too. This is done by a machine the main out- 
line of which resembles a travelling crane. The crab carriage 
contains the stripping device, which in German types is 
operated by screws and gearing, but in the Engbah type by 
wire ropes. 

Fig. L12 shows the WeUman-Seaver and Head model, which 
first strips the mould from the ingot, then charges the ingot 
into the soaking pits, and also draws the re-heated ingot from 
the pit and places it on the m i l l chair at the end of the live 
rolls, which pass it to the rolling mills. 
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The old type of vertical rotating telescopic gripping device 
is superseded by an arrangement of dogs suspended by Tvire 
ropes inside a vertical frame, which serves to guide them and 
io hold the controlling gear. This frame forms the crab 
carriage of a traveller. The dogs can be turned round their 



Pig. L13 — Open-hearth rolling farnace 


vertical axis as well as raised or lowered, and at will the centre 
ram can be raised or lowered independently of the dogs. By 
the Wellman system a stripping pressure of 250 tons can be 
applied without transmission through a screw. 

An Open-Hearth Helling Furnace by the same makers, which 
takes a 20-ton charge, is shown in Fig. Lis, The furnace 
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is rolled or tipped by a 24 h.p. electric motor working a rack 
and pinion through a worm-gear for the first reduction and 
double-helical gear for the second reduction. 

Open-Hearth Charging Machines are made in at least eleven 
different and distinct types by Messrs. Wellman-Seaver and 
Head. Pig. Li4 shows the largest of its type which has been 



Fig. L14, — Wellman-Seaver and Head's charging macTiine. 

built, and which is working at the Eston Works of Messrs. 
Bolckow, Vaughan & Co., Ltd., handling an 8-ton ingot. 
Such a machine can charge a 60-ton fumaoe in twenty minutes. 
The charging bar can be raised, lowered, tilted or turned on 
its axis ; it is provided with a tee head and locking pin, so that 
It can either pick up a box of scrap or broken pig, or the peel 
which carries an ingot, or a piece of scrap too large to be put 
into a box. There are four motors with this machine, three 
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of them 30 h p. each for the hoist, the cross-traverse, and the 
long travel respectively, while the bar is turned by a motor 
of 5i h p. 

Fig. Llo shows a 12-ton overhead Slab Charging Machine, 
which is designed for handling slabs ranging from 3 to 12 
tons in weight. It is provided with a 30-h.p. motor for hoisting, 
a 26-h.p. motor for slewing, a 55-h p. motor for the long travel. 



Fig LI 5 — Wellman-Seaver and Head’h charging macliine. 0^ eihead type 

a 30-h.p. motor for the cross-traverse, while the alligator jaws 
are operated by a 25-h.p. motor. The range of lift of the hoist- 
ing motor is about 7 ft , which brings the arm holding the slab 
up to about the position of the name-plate on the photograph. 
This hoisting is necessary to adjust the level of the slab for 
putting it into the furnace, but is utilised most for stocking 
purposes. The alligator grab is Wellman’s patent ; its 
gripping power is in proportion to the weight of the slab 
hfted. 
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A 4-ton Open-Hearth Charging Machine by the same 
makers is operated by five motors : the hoist 25 h.p., cross- 
traverse 25 h.p , long travel 35 h.p., slewing 7 h.p., and the 
bar turning is effected by a 7-h.p. motor. 

Such machines not only save labour, but time, and so pre- 
vent loss of heat, as the furnace doors are open for the minimum 



Fig. LI 6. — ^Five-ton magnet crane. 


amount of time ; hence the saving in fuel is considerable. 
Further, as loss of heat is prevented, time in melting is saved 
and the output of the furnace increased. Many of the opera- 
tions could be performed by hydraulic power, but the economy 
in electric working due to the automatic adjustment between 
the energy taken and the work done and the simplicity in the 
connections to the source of power give points to the use of 
electricity. 
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Lifting Magnets. — ^Tlie handling of small and broken 
pieces of u*on by manual labour is a difficult and costly 
operation, while the picking up of such material by a 
magnet is simphcity itself ; it is only necessary to ensure 
economy and confidence by the minimum consumption of 
current and the absolute rehability of the circuits and smtch- 
gear. The most popular type of magnet for such work is the 
Circular “ Pot ” type, which may be slung from a crane, 
although a row of small magnets attached to a beam may be 
used for special work, such as picking up long strips or plates, 
and show an advantage as compared with the time and labour 

TABLE L2 

CoMPAEisoN OP Designs for Magnet of 750 iiir Diameter with 
Total Gap Length of 2 cm. 





1 ( oppei 

1 \\ indllij' 

1 AInminiiini 

Wi Ilf ling 

Copph*! 

V\ infliiig 


yoo Walts 

( yOO Watts 

ll,70y Watts 

•MX) Watts 

Holdino; power 

1 

0 

1 28 

0 45 

Weight 

1 

0 65 

0*74 

1 00 

Cost 

1 

0 63 

0 70 

0 61 

Weight per hg load 

1 

! 0 98 

0 61 

2 23 

Cost per kg load 

1 

0 96 

0 55 

1 36 


taken in attaching and detaching slings to such articles. The 
holding power varies with the permeability of the article lifted 
and the length of the air gap. The weight and efficiency of 
the magnets has received a considerable amount of attention, 
and some makers, e g., the Lauohhammer Co., who were at any 
rate one of the first to do so, use oxidised aluminium wire for 
winding them. Investigations have lately been made in 
Germany by M. PfifEner, as reported in the ElektrotecTin. 
Zeitschrift., 11th and 18th January, 1912, whence the data 
for the interesting Table L2 is taken. This shows that when 
a given frame is wound with copper and aluminium respec- 
tively there is very little difference if the same energy is used 
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in each case, but o\\'ing to the higher permissible temperature 
rise the aluminium magnet coil will carry three times the 
wattage that the copper coil will carry, and its holding power 
is 28 per cent, greater, "while its cost is 30 per cent. less. 

Fig. Li6 shows a 5-ton Magnet Crane by the Wellman- 
Seaver and Head Co. handling broken pig iron. 

Table L3, giving details of the “ Witton Kramer ” Lifting 
Magnet, is from data kindly supplied by Messrs, the General 
Electric Co. 

TABLE L3. 

Approximate Capacities of Lifting Magnets. 


Dianietni 

of 

Maynet 

Wei-ht 

of 

Maynot. 

Solid Steel 
Ingots or 
Armour 
Plate 

Steel Plates 

Sliafting 
Bars, Rails, 
Gliders 

Pig In in 

Scrap Tion, 
Biokeii 
Castings 

' Cun ent 
Con sump 
' tion pel 

I Hoiii - 

Ins. 

Lbs. 

Tons. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Kw 

15 

280 

1 

6— 8 

5—10 

1 


•8 

18 

420 

2 

8—10 

10—15 

1 

— 

i 1-5 

24 

728 

4 

12—18 

15—20 

1 1 

— 

1 2-0 

36 

1792 

6 

20—30 

20—25 

5— 6 1 

3— 5 

’ 4-0 

42 

3024 

8 

25—35 

25—30 

9—12 1 

,5—10 

1 5 5 

52 

4186 

10 

35— "'1*0 

30—40 

15—20 i 

10—12 

6 5 

60 

7616 

12 

50—60 

40—50 

20—30 1 

15—25 

80 


* The current consumption is rated on CO lifts each of one minute’s 
duration. 


Another useful application of the lifting magnet is for 
handling the huge steel balls which are used for breaking 
faulty casings and scrap in foundries. In the old style the 
ball had to be slung and released mechanically very much 
in the way that a pile-driving ram is handled, but with the 
electro-magnet the ball can be round without any projections, 
and is lifted by a pot magnet with a concave face of suitable 
radius. 
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ELECTRIC WELDING AND FURNACES 

Welding of Metals. — ^The term welding is somewhat loosely 
used to cover the two methods of joining pieces of metal, i.e,, 
fusion or casting, and welding. By welding is properly meant 
the joining by pressure of two pieces of metal when in a plastic 
state, and it follows from this that the pressure necessary to 
effect the weld will depend on the temperature of the metal. 
Cold metals will weld, but that is generally spoken of as 
“ seizing.” 

Many metals cannot be welded hot, as their passage from a 
plastic to a fluid state occurs within a relatively small range 
of temperature. The necessary points to ensure a good weld 
are • — 

(а) Proper temperature ; 

(б) Protection of the metal from oxidation, which is effected 

by means of a flux sometimes contained in the metal 
and sometimes added ; 

(c) Application of pressure sufficient to ensure the extrusion 
of the flux and clean contact between the parts to 
be welded. 

The last point is perhaps the most important, as unless the 
pressure and shape of the parts are proper the flux is not 
extruded completely and the joint becomes partly welded and 
partly soldered by the fluxed slag. 

Apart from the effects of dirt and cinder the slag may be 
formed by oxidation, so that any means which can be 
employed to prevent oxidation of the parts makes for sound 
welds. 

In casting a joint sufficient metal must be run in to ensure 
the melting of the parts to such an extent that the fibres or 
crystals can thoroughly interlock. The interlocking can only 
be partial owing to the entrained air and oxidation, which 
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form bubbles and slag and so prevent intimate contact between 
the parts at all points. 

Metals heated in a fire before welding must be heated under 
a reducing flame, which helps to deoxidise the skin of the parts ; 
but the effect is only partial and not under complete control, 
so that there is alwaj’s a certain amount of slag due to oxidation, 
which must be squeezed out of the joint or the weld will not 
be complete. 

This is just where electricity can be usefully employed, as the 
arc is clean and may be directed so as to carbonise or de- 
carbonise the metal at ■will. In the early attempts this point 
was not appreciated, so alternating current was generally em- 
ployed, and the features which w^ere claimed for the process 
were cleanliness, saving of time, and neatness, which was due 
to the instantaneous squeezing of the parts to be welded as soon 
as the necessary temperature was reached. 

Henry Wilde (Roy. Soc. Phil. Trans , 1867, p. 106) first heated 
up iron wire by the passage of electricity from one of his dy- 
namos and it is only necessary to employ more powerful sources 
of electricity to heat or melt any section of metal desired. 

One of the earliest exhibitions of electric welding in England 
was on the historic night of 15th April, 1890, when the late 
Sir Frederick Bramwell turned the theatre of the Institution 
of Civil Engineers into a smith’s shop and showed the Elihu 
Thomson Welding Machine in operation (Proo. Inst. Civ-. Eng , 
CII., p. 1). 

The Thomson machine consisted of a transformer, to the 
ends of the secondary of which two vices or jaws were connected 
— one fixed, the other movable. The parts to be welded having 
been gripped in the vices and the current turned on, the 
applied pressure “ upset ” the ends and effected the weld. 
Such machines are still used for welding wires, rods, tubes, and 
small standard sections of iron and steel. Thomson’s early 
experiments were made with continuous current, which 
he abandoned in favour of alternating current, owing to the 
greater facility it presented for transmitting the energy at 
high pressure and the saving in weight of the copper con- 
nections necessary. 
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The Prescoi Welding System is the Thomson system with 
mechanical improvements as made by the British Insulated 
and Helsby Cables, Ltd. 

Their Spot-n'e'ding Machine is a device for electrically 
welding together tw’o or more iron plates which may be any- 
thing from xfejth of an inch to J an inch in thickness, and in 
its effect is the equivalent of riveting. By this system a number 
of small circular spot welds are made, the diameter of the spots 
var 3 dng from about | in. to J in., according to the thickness of 
the plates operated upon. To effect the weld two suitably 
shaped electrodes are brought to bear on the point where it is 
desired to weld the plates together. These electrodes form 
the ends of the secondary circuit of a transformer. The welding 
current, which passes between them when the primary circuit 
is closed, rapidly brings the plates at this point to welding 
temperature. The exmrent is cut off as soon as the welding 
temperature is reached, and the copper electrodes, which are 
water-cooled, are then moved so as to squeeze the molten metal 
and form the weld. Smgle-phase, alternating current is used. 
Standard machines are wound for a pressure of 200 volts, 
50 cycles, but they can be wound to suit any circuit. 

The current consumption is extremely low ; 1,000 welds 

approximating ^ in. in diameter on 28 S.W.G. plate only calls 
for 5 of 3* D-T U., while 1,000 welds on a plate takes 

70 B.T.U. 

Seam Welding. — When a continuous weld is necessary in 
lieu of spot welding, a combination of a fixed and rolling 
arrangement of electrodes is used. The article to be welded is 
clamped on to a mandrel by a specially shaped vice with four 
jaws. The mandrel is mounted on a slide, and can be driven 
to and fro either by belt or by hand power under an adjustable 
welding roller. The depressing or raising of the roller closes 
or breaks the primary circuit of the transformer before the 
secondary circuit is made or broken, which avoids sparking on 
the weld. Both the mandrel and the roller are water-cooled, 
and both journeys of the mandrel are used for welding. 

These machines are used for welding all sorts of cylinders and 
cones made of wrought iron or mild steel, and can be adapted 
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for a large variety of purposes where an invisible joint is 
required. 

The Tyre Welding machine made by the British Insulated 



Fig. Ml. — “ Prescot ” -welder. 

and Helsby Cables, Ltd., works on the same principle as the 
above-mentioned machines. It is made in various sizes 
suitable for handling tyres from 10 in. diameter 1| sq. in. in 
section and ranging up to 20 in. diameter by 12 sq. in. in section. 
In all the machines the tyres are gripped in two vices fitted 
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with jaws which can be changed to suit the radius of the tyre 
in hand, and which are adjustable both horizontally and 
vertically, so that the ends of the tyre to be welded may be 
brought into exact alignment. One set of jaws is movable 
with a hand wheel in small sizes, and by hydraulic pressure in 
the large sizes, in order to effect the necessary squeeze and weld. 

The jaws form the terminals of the low-tension circuit of the 
transformer ; all the switc hin g is effected on the high-tension 
circuit. In the larger size machine, as shown in Fig. Mil, the 
work is held in position by six hydraulic pistons, which also act 
as terminals to carry the current. They are water-cooled, and 
may be regulated independently. This is an important feature 
in operation, as in the event of one part of the weld getting hot 
too quickly the pressure may be slightly decreased and so the 
resistance increased. This greatly facilitates uniform heating 
and reliable operation. 

On a large tyre it is easy to think that the resistance all 
round the tyre would be less than the resistance between the 
two ends which are squeezed together, but in the case of a 
small tyre no doubts on this point would be expressed by one 
who had not tried it. It is interesting to learn that the British 
Insulated and Helsby Cables, Ltd., applied one of their machines 
to the welding of wedding-rings, when the resistance across the 
joint was less than the resistance round the ring, so that 
welding was effected perfectly and with ease. The system 
was not successful, however, commercially, as the grip of the 
jaws injured the gold ring. 

Arc Welding. — ^Messrs. Siemens Brothers scarf-jointed and 
welded by continuous current small wires for cable work as 
long ago as 1881 (Proc. Inst. dv. Eng , CII., p. 47). 

About the same time tin plates were electrically welded to 
the iron plates of a ship by first attaching small patches of tin 
to the iron plate and then plates of tin were attached to the 
patches. The iron plate was connected to one pole of a 
dynamo, and an arc was drawn from the plate to a carbon rod 
in a handle which was attached to the other pole, the welding 
being effected under the arc. The bonds of tram rails were 
welded by the same arc process- 
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The Bernados System of arc welding \vas brought out in 
Russia in 1887, or about the same time as Elihu Thomson was 
working on his machine in America. Bemados used the metal 
as the negative electrode, and a carbon rod in a portable handle 
formed the positive pole, the weld or fusion being effected by 
the arc drawn between the carbon and the metal. The current 
was supplied by a battery of 490 specially designed accumu- 
lators, which were connected Li seven groups of 70 cells, the 
subdivision being arranged to give the necessary volts and 
amperes for welding, while part of the battery was being 
re-charged by a shunt-wound d3mamo giving 120 amps, at 
175 volts. The pressure and current at the are were adjusted 
by altering the number of cells. 

It was found that the use of the metal as the negative 
electrode prevented oxidation, but the metal in the neighbour- 
hood of the w'eld was hardened due to the rapid cooMng, so 
that re-heating or anneahng was in some cases necessary. 

Various expedients were resorted to in order to overcome 
the loss in the batteries and the inconvenience attending their 
use. Instead of groups of cells a simple battery run in parallel 
with the dynamo was tried. Another arrangement consisted 
of a heavy resistance run in parallel with a larger d37namo, when 
the loss in resistance was found to be less than the loss in the 
battery. An inductive resistance was also used in the circuit, 
and a dynamo run with a slack belt. 

Messrs. Lloyd and Lloyd, now Stewarts and Lloyds, have 
long employed the Bemados system for welding pipes, casks, 
&c., and for cutting holes in plates or tubes, the power 
consumed on the arc being about 60 volts and 300 to 400 amps. 

As one electrode is worked by hand the resistance of the 
circuit is constantly changing and frequent short-circuits oocTir, 
in spite of which the simplicity of the Bemados system has 
made it very attractive, and the difficulty in regulating the 
current has been met by specially designed self-regulating 
generators, one of the first of which was that by Dr. Rosenberg. 

The Tudor Accumiilaior Co. have made a speciality in the 
adaptation of the system to the welding of tramway rails, 
and have taken the question up practically and soientificallv- 
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Rails have previously been cast together by pouring around 
the joint metal heated in a fire according to the Falk process, 
or by the combustion of feme oxide with aluminium according 
to the Goldschmidt process (Thermit) ; but neither of these pro- 
cesses lends itself to exact work, nor can the quality of the metal 
at the joint be controlled to suit the exigencies of the case. 

The early attempts at welding tramway rails made very 
unsatisfactory joints. The Tudor Co. first worked with the 
Rosenberg machine, but their latest equipment is a C.M.B. 
type of motor generator made by Messrs. Crompton & Co. of 
50 k.w. output, giving a maximum current of 500 to 700 
amps. The machine runs at 1,100 r.p m. and weighs 
34 owt., the light weight being important, as the machine is 
fixed complete with the necessary switchboard and resistance 
in a van. The generator has interpoles, a series winding, 
an ordinary shunt winding, and an auxiliary winding, 
which is separately excited and provided with a regulator 
switch. The motor is compound wound and provided with 
interpoles The current to supply the motor is taken from the 
ordinary trolley wire at 600 volts ; the same supply is used for 
energising the separately excited field of the generator. 

The Tudor Co. found that when welding steel rails if the rail 
was made the negative pole carbon was carried into the weld 
and converted the steel into what was practically white cast 
iron, owmg to the absorption of the carbon by the steel. They 
therefore work with the rail as the positive and the carbon as 
the negative pole, and have devised various details and modi- 
fications of the process which form the subject of their patents 
to cover the system, and they are now able, by selecting suit- 
able metals, to make a joint which is practically homogeneous 
with the rest of the rail and of lower electrical resistance. 

In the Tudor Co.’s system a sole-plate is placed under the 
joint and welded to the bottom flange of the rail and to the 
fish-plates. The fish-plates are also welded in three places 
on each side to the head of the rail. If the joint has been badly 
hammered and is low, their practice is to cut a piece right out 
of the joint and to weld in a new piece, and with equal ease a 
gap between the rail ends can be filled up. 

Small moulds are put into position where the weld is to take 

X 2 
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place, and after the metal of the rail or fish-plate is carefully 
heated, it is then fused under the arc and suitable metal is 
dropped in and melted ; in this way the joint can be built up 
to any degree requned, and can be made at will harder, softer, 
or of the same quality as the rail. After the weld is completed 
and the metal is set, the moulds are taken away and the extra 
metal burned off under the arc. 



PiQ. M2. — Interior of “ Tudor ” welding hut. 


The current supplied by the motor generator set varies from 
600 to 700 amps., according to the joint that is being made, 
the pressure being from 65 to 80 volts. A sole plate fillet 
3J in. by J in. by 2 in. is welded in about three minutes. 

The Tudor system in operation is shown in Pig. M2. One 
operator holds the carbon rod while the other applies metal as 
required. Light sheet iron shields with glass windows are used 
to protect the faces of the operators. 
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A large number of tram-lines have been welded up by this 
process, both in the United Kingdom and on the Continent, and 
the joints are so strong that breakages owing to shrinkage 
through cold have occurred in the rail, and not at the joint 
when rails have been laid and welded up in hot weather. 

Dr. Zerener, of Berlin, brought out a system of welding in 
1889 in which two inclined carbons were clamped in a holder 
with a horseshoe electro-magnet fixed above them to drive 
away the arc from the carbon points- By this means a very 
long arc or flame was formed, which was regulated by 
adjustmg the position of the electro-magnet. 

This system was used for welding joints, plates, &c., the 
power employed being 100 volts and 30 to 40 amps. The 
carbons were arranged in a hand tool ; subsequently self- 
regulating apparatus was made which worked at 35 to 250 amps, 
at 65 volts. Smaller apparatus was used for soldering which 
took 3 amps, and 40 volts. 

The Coffin apparatus used in the United States appears to 
be a direct descendant of the Zerener system. 

The Kjellberg arc welding process, patented m 1907, has been 
used to some extent commercially. In this system an electrode 
consisting of a metal core encased in a coating, the constituents 
of which serve to prevent the inclusion of foreign matter in the 
weld and form a reducing atmosphere surrounding the arc 
and prevent oxidisation of the weld, is used instead of the 
ordinary carbon electrode. The negative pole is connected 
to the work to be welded and the positive pole to the electrode, 
which is clamped in an insulating holder in the usual way. 
A continuous current of about 100 volts is employed, and 
the arc takes about 100 to 150 amps. An interesting feature 
claimed for the system is that the weld can be made on 
the imderside of the work ; the molten metal is apparently 
projected upwards and adheres to the plate. It is usual to 
hammer the weld to squeeze out any slag which may have been 
formed in spite of the special coating on the electrode. 

An interesting account of repair work with an extemporary 
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welding rig is given in the Electric Railway Journal, 18th 
November, 1911. The Pittsburg Railway Co. employ the plant, 
which was all gleaned from their scrap-heap, for repairing all 
kinds of constructional work with the exception of grey iron 
castings. Examples are given showing the economies which 
have been effected by the use of the apparatus, which is worked 
wdth a motor generator consisting of an old 30-h.p. shunt motor 
and a 60-volt, 300-amp. generator. 

In the Thomson system the heat is developed at the junction 
of the parts to be welded by the high resistance of the bad 
contact ; in the other systems the heat is developed by an arc 
and used either directly or indirectly. These two systems cover 
the fundamental points in electric welding ; the subsequent 
developments and progress made have been in the appli- 
cation of the systems both as to the mechanical and metal- 
lurgical details. 

Effect on the Eyes. — The intense arc used for electric welding 
is very injurious to the eyes, owing to the richness of the 
incandescent iron vapour in ultra-violet rays ; these rays also 
“ sunburn ” the skin, so that not only have the eyes of the 
operator to be protected by special spectacles, but it is necessary 
also to screen the hands and face by gloves and masks. In 
fact, it is just the same effect which has been so cleverly recog- 
nised and turned to beneficial use by Finsen for the treatment 
of skin diseases. 

The physiological effect of light of different colours has only 
been studied within the last few years. Formerly red was 
supposed to be hot, irritating and injurious, and blue cool and 
soothing ; to a great extent this was true — whence purple glasses 
have been commonly employed and are to a certain extent 
effective, but they cut off so much light that they render it 
difficult for the person wearing them to see what he is doing. 
Further, as red glass transmits red and some orange rays, 
yellow transmits yellow and some green, blue transmits blue 
and some green, and violet transmits violet, we may infer that 
the purple glasses leave something to be desired. The use of 
apparatus producing arcs rich in rdtra- violet rays soon showed 
that purple glasses were ineffective and led to the more com- 
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plete study of the subject, following up what had been done in 
earlier years. 

In 1800 Sir William Herschel explored with a thermometer 
the various colours of the solar spectrum, and found the heating 
effect increased from the violet to the red end, and the ultra- 
red rays were hotter than any part of the visible spectrum. 

In 1801 Ritter discovered that beyond the violet end of the 
visible spectrum there were rays which, although imdsible to 
the eye, produced chemical decomposition. 

Professor Stokes found that by lowering their rate of vibra- 
tion the presence of the ultra-violet rays could be made visible, 
and used paper screens prepared with acidulated sulphate of 
quinine and other substances, which fluoresced brilliantly 
when held in the path of the ultra-violet rays. 

Tyndall explored the ultra-red rays and plotted their tempera- 
ture ; he also experimented with the violet end of the spectrum, 
showing fluorescence and phosphorescence due to the ultra- 
violet rays. In his experiments he used greenish-yellow 
glass coloured with uranium oxide, which he found when 
powdered showed strong phosphorescence , but it has been 
left to recent years to follow up the experiments and put this 
glass to practical use. Varieties of it are now on the market 
which cut off to a marked extent the ultra-violet rays while 
they are fairly transparent to ordmary light. It is necessary 
to protect the eyes from glare ; hence a certain degree of 
opacity to the visible rays is required as well as opacity to the 
invisible ultra-violet rays. 

There are now two systems of protection in vogue : — 

(1) Combinations of ordmary coloured glasses built up to 

suit the work in hand, which are not very transparent 
to ordinary hght, but have given satisfactory results 
in practical use, with the advantage of being cheap 
and readily obtainable. 

(2) The latest is the use of special “ Uranium ” glass, the 

exact composition of which is a trade secret, and 
of which there are several kinds on the market, e.g., 
the Chromos, Chloros, Euphos, Flemos, and HaUauer, 
as used for spectacles. 

By the kindnesg of Mr. Leon Gaster, the author was able 
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to introduce a screen made of barium platino-oyanide into the 
invisible portion of the spectrum beyond the ultra-violet, and 
the existence of the rays was made evident by green fluores- 
cence, the Rowland grating and quartz prisms having been 
kindly arranged for the experiment by Professor Ernest Wilson. 
Samples of several of the glasses mentioned were also shown, 
some of which w'ere loaned by Mr. L. Caster, others by Mr. 
Charles D. Burnet, of the Tudor Co. 

Those who wish further information on this interesting 
subject may find it in the Cantor Lectures on “Modem Methods 
of Artificial Ulumination,” by Mr. Leon Caster, 1909. 

Electric Furnaces may be looked upon as applications under 
special conditions of the systems used for electric welding. 

Theoretically, the passage from wielding to furnaces is very 
short ; practically, the distance is immense, owing to the 
difficulty in constructing a furnace which combines the essen- 
tial electrical and mechanical features. The furnace must 
have strong walls of refractory material which are good heat 
insulators, and the walls and lining must not disintegrate under 
working conditions. 

The electric furnace is essentially an apparatus in which 
electricity is passed through a resistance, and so is converted 
into an intense local heat with the minimum possible loss by 
radiation and convection. The furnace may be operated either 
by continuous or alternating current. 

1 k.w. hour of electrical energy = 3,420 B.Th.U., so that 
4 k.w. hours may be taken as approximately equal in calorific 
value to 1 lb. of good average coal. 

The temperature of combustion of coal is lowered by the 
specific heat of the products of combustion to an ideal figure 
of about 4,800° F., which, however, is not realised in practice 
owing to the excess air admitted to the furnace. The usual 
temperature attained is only about 3,000° F. with 60 per cent, 
excess air, or 2,600° F. with 100 per cent, excess air. The 
highest temperature reached in commercial furnaces using 
solid fuel may be taken as about 3,000° F., or slightly below the 
melting point of platintuu, which, according to VioUe, is 
3,227° F. 



ELECTRIC WELDING AND FURNACES 


313 


The electric furnace presents a means of attaining a higher 
temperature than can be obtained in a furnace fired -wdth solid 
fuel, as its efficiency is not lowered to the same degree by the 
loss of heat carried off in the products of combustion. 

A very large number of furnaces has been designed or built 
which differ considerably in detail, but each of which may be 
referred to one of three main types : — 

(1) The Arc Furnace, in which the charge or substance to be 

heated forms one pole of the arc, or in which the 
charge is heated by the radiation from an arc between 
two electrodes which are not in direct contact with the 
charge. 

(2) The Resistance Furnace, in which the charge or substance 

to be heated forms part of the electric circuit, or in 
which the charge is in contact with an electrically 
heated substance. The former is sometimes called 
direct, the latter indirect, resistance heating. 

(3) The Induction Furnace, in which the charge or substance 

to be heated forms the secondary circuit of a trans- 
former and is heated by the passage of the current 
induced in it by the primary circuit. 

It will be noted that this classification is not thoroughly 
satisfactory, as if the arc is considered as a gaseous resistance 
there is no good reason for differentiating between tj’pes 
(1) and (2) ; nevertheless, it is convenient to class furnaces in 
which the open arc is employed separately from those in which 
it is not. 

Again, in the Induction Furnace, the charge is heated owing 
to the resistance that it presents to the passage of the current, 
when it acts as the secondary of the transformer ; but it is 
convenient to class furnaces in which the primary current is 
employed directly for the heating separately from those in 
which an induced or secondary current is used for the purpose. 

The Arc Furnace is a development of the Bemados or the 
Zerener system, and the Induction Furnace is a development 
of the Thomson system, as mentioned above in connection 
with welding. 
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The earliest recorded use of the arc for heating is Sir Hum- 
phrey Davy's experimental work in smelting alkaline earths in 
hydrogen (Roy. Soc. Phil. Trans., 1810, p. 16). This was in the 
same year that Sir Humphrey Davy first exhibited the electric 
arc at the Royal Institution. Sir Humphrey depended upon 
primary batteries for his current, and it was not until the 
development of the dynamo electric machine that real progress 
was made. 

The earliest form of arc furnace in which any practical work 
was done is due to Werner Siemens, who in 1878 and 1879 
constructed furnaces. 

In June, 1880, Dr. C. TP. Siemens, F.JR.S., read a paper 
before the Society of Telegraph Engineers (Vol. IX., p. 280), 
when he exhibited an electric furnace in which he melted 1 lb. 
of broken steel files in thirteen mmutes ; a second charge was 
melted in eight minutes. The fmnace consisted of an ordinary 
crucible with an iron, platmum, or carbon rod passed through 
its bottom, the cover being pierced for the negative electrode. 

Siemens records that if the carbon rod at the top is made the 
positive pole the detachment of particles of carbon may inter- 
fere with the effect. If the top carbon is made the negative 
the consumption of carbon is very slow and the effect on the 
metal to be melted is negligible. He also experimented with 
a tube of copper as the upper electrode, cooling it by forced 
water circulation. 

Siemens showed that on the basis of fuel economy the 
furnace was more economical than the ordinary air furnace as 
used in Sheffield, and that it would be nearly equal to a 
regenerative gas furnace. 

At the British Association Meeting in Southampton, in 1882, 
Siemens and Huntington reported further experiments made 
with the above furnace which had been improved by the 
addition of a coil to direct the are. A long series of metals 
had been melted and alloyed, including platinum and tungsten, 
the power being derived from a 12-h.p. Marshall engine, which 
drove fi:ve D2 Siemens machines. 

One of the first furnaces erected on a commercial scale was 
probably the Cowles Furnace, which was used in connection 
with a Crompton dynamo of 400 h.p. to give 5,000 to 6,000 amps. 
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by 60 volts, for the manufacture of aluminium alloys [Indus- 
tries, 1st September, 1888, p. 237). 

The furnaces were in the form of long troughs, the current 
being introduced at each end by carbon electrodes, to which 
flexible copper connections were attached by clamps. The 
electrodes were passed through iron pipes into the furnace, 
and could be regulated by a screw. The current was passed 



through the charge, part of which was melted and retained in 
the furnace with the slag, the volatilised portion of the charge 
being caught and condensed. 

The Stassano Furnace, as first made in Italy about the year 
1898, was in section very much like a blast furnace, but was 
provided with electrodes in place of tuyeres. Stassano 
followed this with a design of a reverbatory furnace fitted with 
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several electrodes opposed to each other in pairs above the 
level of the charge. Striking gear was provided, by which the 
carbons could be brought into contact and then drawn apart, 
the metal being heated by direct radiation from the arc and 
reflection from the roof and sides of the furnace. In his next 
arrangement (Fig. M3i) the furnace was made circular and so 
mounted that it could be tilted and revolved to ensure complete 
miving of the metals. The first of the revolving type was 
started in 1903 at the Royal Artillery Works, Turin. 

One of the revolving-type furnaces is reported as working in 
Turin in 1905 employed in melting scrap and refining pig iron ; 
850 k.w. hrs. was used per charge of 600 kg. on the high-tension 
side of the transformer, or 772 k.w. hrs. on the low-tension, 
for which a thermal efficiency of 51*4 per cent, is claimed. 

Major Stassano in 1909 recovered his patents from the 
company who had been exploiting them, and since that date 
has put down furnaces among others at : — ^IVIilan, one 250 k.w. 
and two 100 k.w. ; Liguria, one 800 k w. ; Odessa,two 250 k.w. ; 
and three 260 k.w. for the Electro-Flex Steel Co., Newcastle- 
on-TjTie. A large ironworks is now being erected at Notodden, 
Norway, which will take 15,000 h.p. from the Tinfos power 
plant, and furnaces aggregating 5,000 h.p. are expected to be 
in operation in a few months time. 

Further interesting particulars of the Stassano furnace are 
given in Mr. Catani’s Paper read before the Iron and Steel 
Institute, October, 1911, where an efficiency of 80 per cent, 
is claimed for a rotating furnace of 200 h.p. when used for 
re fining special steels. 

Girod. — ^In this form of arc furnace (Fig. M 32 ) one pole, which 
may consist of one or several carbon electrodes, passes through 
the furnace crown and touches the slag as in the Heroult steel 
Furnace, but the cmrent, instead of passing along the layer of 
slag, goes down through the slag and the charge to the other 
electrode, which is in the form of an iron ring with studs pro- 
jecting through the bottom of the bath. The iron projections 
from the ring pass through the bottom of the bath and are 
joined in parallel, they are reduced in area at the inside to such 
a section that they are heated by the passage of the current and 
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so do not take heat from the molten metal. The lower ends of 
the connections are water-cooled. 



Pig. M4. — Girod furnace. 
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The furnace is designed for single-phase, alternating current 
at a pressure of 55 to 65 volts. 

A full description of a 3-ton Girod Furnace (Fig. il4) operating 
at GutehofEnungshutte at Oberhausen is given in Stahl ^ind 
Eisen, 20th July, and 3rd August, 1911. From this description 
Fig. MSa has been prepared, which raises an interesting point 
regarding the connections, more particularly in view of the 
experience of Dr. Siemens thirty years earlier. The figure shows 
the three arrangements of connections which were tried. \Mien 
the top connection was taken up only one side of the furnace, 
which is the arrangement commonly adopted, the arc was repelled 
from the side upon which the conductors are situated to the 
lining of the roof of the furnace on the opposite side. This led 
to the trial of the next scheme, when the conductor was divided 
and taken up both sides of the furnace, but the arc was still 
repelled towards the lining. The third arrangement w'as found 
to be satisfactory, in this both the top and hearth electrode 
conductors were divided and carried up on both sides of the 
furnace. The conductors for the hearth electrodes were 
joined to the iron shell of the furnace, special copper rings and 
plates being used to ensure a good contact. This symmetrical 
arrangement has proved quite satisfactory ; the arc plays 
round the upper or carbon electrode and keeps the slag and 
metal in circulation, and is not so likely to be blown out as in 
the previous cases. Experience shows that the arrangement 
saves about 10 per cent, in power, and the carbon electrode 
bums away regularly. The roof of the hearth, which formerly 
only stood about twenty heatmgs, now stands sixty or seventy. 
The linin g of the hearth, for which magnesite was formerly 
used, is now made in dolomite, and has stood over one thousand 
heats. 

The bottom electrodes project about 4 in. into the bath when 
new ; they partly melt, but this is not found to be a disadvan- 
tage, as the molten metal flows into the depression and keeps up 
the contact. The xmder side of these electrodes projecting 
below the bath are connected not only electrically but also to a 
water-cooling system, and the cooling water is found to carry 
away about 1 per cent, of the total energy, while the cooling 
water of the carbon electrode absorbs 3' 66 per cent. ; hence 
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in the level of the charge as it settles down. The passage of 
the two-phase current through the molten metal promotes 
circulation and avoids the necessity of revolving the furnace 
or of mechanical means of mixing the metal. 

The refractory material with which the bath is lined is a 
conductor when heated, and is not injured by the passage of 
the current ; the tmbroken bottom of the bath, therefore, is 
claimed as preferable to the risk of leakage which occurs when 
contacts are passed through the lining. 

The electrodes can be automatically regulated and the 
furnace tipped in the usual manner. 

Experiments were made in 1907 with a 300 h.p. smelting 
furnace at Ludvika which had only a low shaft ; a larger 
furnace was built shortly after with a higher shaft and gas 
circulation. The current available to operate it was 60 cycle, 
so a motor generator was employed ; this consisted of a 
900-h.p., 7,000- volt, three-phase synchronous motor driving a 
25-cycle, 300 to 1,200 volt, three-phase generator. Near the 
furnace transformers were located, which could give 1,500 k.v.a. 
at a 14 to 1 or a 7 to 1 ratio ; the former gave 20 to 85 volts, 
the latter 40 — 170 volts. In this furnace the current was so 
steady that automatic regulation was not found necessary. 

The Trolhattan Smelting Plant constructed under the above 
patents has been in active operation since November, 1910. 
The furnace, of the type shown in Pig. M5, is a combination of a 
blast furnace shaft with an electric furnace hearth, and is closed 
at the top by a charging bell. The height from the ground to the 
furnace top is 45 ft. The shaft stands upon the roof of the 
hearth ; its weight is taken by heavy cross girders built into 
the walls, and the joint between the shaft and crown is made by 
a sand seal. 

Pour electrodes project through the roof into the hearth at 
an angle of 65° ; each is built up of four carbons 12‘5 in. square, 
6 ft. 6 in. long. They are water-cooled and packed with 
asbestos to prevent leakage of gas from the furnace, and are 
adjustable on a sliding frame. 

The electrical energy is taken from the Power Company at 
10,000 volte, 25 cycles, three-phase. By means of Scott-con- 
nected 1,1 00 k.v.a. transformers it is transformed into two-phase 
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60 to 90 or 100 to 180 volt current. The current in the furnace 
is regulated by varying the tension of the supply, which is 
effected by cutting out windings on the high-tension side of the 
transformer. The regulating gear controls each phase separately, 
so that each phase can be worked at a different tension. 

There are three furnaces, each of which is designed to make 

7.500 tons of pig iron per year of eleven working months out of 
iron ore with charcoal fuel in the shaft on a nominal rating of 

2.500 h.p. 

Several tests were made between November, 1910, and 
April, 1911, which showed on a varying load from 1,121 k.w. 
to 1,694 k.w. a consumption of 2,150 to 3,800 k.w. hrs. and 
920 lbs. of charcoal per ton of pig iron, with an output of about 
3‘5 tons of iron per kilowatt year. Subsequent tests show a 
considerable improvement on this figure, as the consumption 
per ton of pig iron produced has fallen to 1,750 k.w hrs. with 
748 lbs. of charcoal. 

The price to be charged for electricity per kilowatt year is 
29‘8s. for the first ten years, and after that 39‘7s. 

Furnaces of this type are nowin hand aggregating 27,000h.p., 
and a further 36,000 h.p. are projected. 

The chief claims for this type are based on economy in heating 
and in repairs — the former because the waste gases resulting 
from the reactions in the furnace are caught at the top and 
blown back through the tuyeres into the lower chamber and so 
cool the roof. The fuel, flux, and ore are fed in at the top ; 
the ore is partially reduced by the CO rising through the 
burden ; the process is completed in the lower chamber. As 
the furnace is only about half the height of a blast furnace, it 
can be handled more easily and repaired more readily. 

The square carbon electrodes removed from the furnace 
show great irregularity in burning and waste in carbon ends. 
This has been met by the substitution of round carbons for 
the square blocks. Round carbons may now be obtained 
600 to 700 mm. in diameter with screwed ends, which save a 
great deal of waste. 

Heroult’s Direct Resistance Furnace, in which the crucible 
with the metal to be heated formed one pole and a carbon 
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introduced from the top into the metal formed the other 
pole, was the first electrical furnace arranged for continuous 
working, and has been used for the reduction of aluminium 
since 1888. 

The British Aluminium Co. started their works at the Falls 
of Foyers, in Scotland, in 1896 and used this process for the 
electroljijic production of aluminium and carbide. The carbon- 
lined baths are about 5 ft. by 2 ft. 6 in. on plan, internally, 
and are connected in series, a current of about 8,000 amps, is 
employed, the presstue per bath being about 7 volts. As the 
process is an electrolytic one continuous current is used. 

The Heroult Furnace for iron was developed in 1900 ; 
in it the carbon electrodes enter the furnace crown and 
come in contact with the slag which floats on the top of the 
charge ; the slag acts as an electrolyte and completes the path 
of the current, part of which also passes through the charge 
(Fig. M3d. Care must be taken that the carbons do not pass 
through the slag into the metal, which would decrease the 
resistance between them ; arcing between the slag and the 
electrodes is not so important, but steps are taken to avoid 
it. The current used is alternating generally single-phase. By 
this arrangement H6roult saw that he could heat the charge 
without exposing it to the carbon vapours of the arc, and further 
that it was possible to remove or introduce any desired ingre- 
dients by the addition of suitable slags. 

The furnace is also operated on three-phase current at 
90 volts. Three 15-ton furnaces of this kind are now in use in 
America. Details are given in the American Electro-Chem . 
Soc. Trans., Vol. X I X ., 1911, of one at Chicago which is 
used to produce de-oxidised steel from ordinary Bessemer pig 
iron. A 15-ton furnace is in use at Skinningrove. 

The new furnaces are provided with automatio regulators 
for the electrodes, consisting of spring-controlled fi.oating 
magnet coils acting as relays, which put sidtable pawls into 
gear on a rocker wheel which is constantly moving and by which 
^le motors controlling the electrodes are started. 

The power-factor of a Heroult furnace working in Sheffield 
is said to be from 0"96 to 0'97, which shows that the action is 
that of a xesistanoe and not of an arc furnace. 
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Induction Furnaces. — The first Induction Furnace design 
is due to Ferranti, who patented one in 1887, which, however 
impractioahle for metallurgical purposes, was the earliest 
embodiment of this important type. 

F. A. Kjellin followed in 1900 with a furnace in the form of a 
circular masonry trough or hearth, with a space in the centre 
through which one leg of an electro-magnet was passed ; the 



Fig. M6. — Kjellin and EocUing-Eodenhauser furnaces 


other leg stood outside the trough, the two being joined by 
yokes which passed respectively over and under the furnace, 
so that the furnace hearth and the magnetic circuit which 
forms the primary of a transformer are inter-linked. The 
metal in the annular hearth forms a single-turn, short-circuited 
secondaiy circuit, the current in which can be regulated at will 
by altering the current in the primary coil (Fig. M6). The 
metal in the hearth can therefore be heated by the full value 
of the electrical energy, as there is no loss, owing to the heavy 
current passing through electrodes or connections. The 
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electro-magnet is cooled by water circulation or air blast, as 
may be most convenient. 

The first of these furnaces, of 176 lbs. capacity, was operated 
at Oysinge in Sweden m March, 1900, when 600 lbs. of cast 
steel were obtained in twenty-four hours, the energy being 
supplied by an 80 k.w. dynamo. This furnace was improved 
until 1,300 to 1,400 lbs. of steel ingots were produced in twenty- 
four hours with 58 efiective k.w. The charges were about 
220 lbs. each. 

In the second and larger furnace, which was started in 
May, 1902, an output of about 4 tons of steel was obtained per 
twenty-four hours with 225 electrical h.p. effective. 

The Rochling-Rodenhauser Furnace, which has been deve- 
loped from the KjeUin at the Rochling Steel Works, Volklingen, 
is another successful example. The first design was made in 
1906 after operating a KjeUin furnace. Recognising the 
greater general usefulness of three-phase current, Mr. 
Rodenhauser worked out his design to stdt three-phase as 
wen as single-phase. 

The three-phase design is shown in Fig. Me. It will be 
noticed that the hearth is somewhat heart-shaped in outline, 
and by the insertion of three transfoxmier limbs is divided into 
three narrow channels with one common basin in the centre. 
The narrow channels form the secondaries of the trans- 
former and are short-circuited by the centre basin. 

The chief difference between the Rodenhauser design and the 
KjeUin is the combination with the induction furnace, in the 
former, of a separate secondary circuit wound directly over 
the primary winding on the transformer, the ends of which 
are connected to blocks embedded in the refractory walls of the 
hearth. The walls become conductors of electricity when highly 
heated, so that they and the molten metal then complete this 
circuit, and, in addition to the ordinary secondary currents in 
the hearth, other currents are flowing between these blocks, 
which keep up the heat of the bath and also miTr the metal. It 
is stated that about 70 per cent, of the energy used is induced 
dixectly in Ihe bath and the remaining 30 per cent, in the 
auxiliary exEcuit. 
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The hearth is covered in and provided with doors, through 
which the working of the furnace may be watched or ingredients 
added. 

In arc resistance furnaces of the Girod type the whole of the 
current has to pass through the refractory hning, which stands 
up well to the treatment. In the Rodenhauser furnace only 
part of the secondary current passes through the lining, and 
the wear and tear is found negligible ; in fact, these parts last 
longer than any other part of the furnace hning. 

Some of the earhest experiments at Volkhngen were made 
with a 5-oycle machine, consisting of a six-pole Siemens- 
Schuckert generator driven by an Escher-Weiss horizontal 
tandem compound engine, which was exhibited in the 1900 
Paris Exhibition. Mr. Rodenhauser’s combination of the 
second secondary circuit improved the power-factor, so that 
when operating on a 25-cycle supply a 3-ton furnace has a 
power factor of O’ 80. 

The furnace is fully described in a paper by Mr. Rodenhauser 
(Journal of the Iron and Steel Institute, 1909), where operating 
details are given of an 8-ton, 600 k.w. single-phase furnace 
working on the 5-cycle machine, and a S^-ton furnace taking 
200 to 250 k.w., three-phase energy, at 50 cycles from the 
ordinary power circuit of the works. 

The 8-ton furnace had been running since November, 1908, 
with an average output of 1,200 tons of rails ia fourteen days 
before the lining required renewing. 

The 3 J-ton furnace is reported as having worked for a whole 
year producing steel for rails of which more than 600 tons have 
been sold. The electrical efficiency of the 3|-ton furnace is 
given as 97 per cent. The consumption of energy per ton of 
metal is stated as under ; — 

Cold pig and scrap . . . . 600 — 900 k.w. hrs. per ton. 

Hot pig and cold scrap . . 300 — 700 „ ,. 

Hot metal from converter. . 250 „ 

Hot metal from the open- 

hearth furnace . . . . 200 — 260 „ „ 

The energy per ton and the length of time that the metal has 
to remain in the furnace depend on whether the furnace is 
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charged with cold or hot metal and upon the amount of refining 
necessary. A round figure is given as to the operation of an 
8-ton furnace in which about 50 tons of Bessemer open-hearth 
steel can be refined in twenty-four hours with a consumption 
of 300 k.w. hrs. per ton. 

The Frick Fiunace is of very much the same type as the 
Kjellin, but the primary windings in the Frick are placed over 
and under the hearth, and not in the centre, as in the Kljellin 
type. Messrs. Krupp have a 1,000-h.p., 10-ton furnace of this 
type at Essen working on single-phase supply. 

The Hjorth Furnace is of the induction type, in which one 
transformer primary coil is common to two hearths, which 
form the secondary alternately as they are filled with the 
molten metal which is to be refined. It is built under American 
patents dating from 1904. 

The power-factor in the early types of furnaces was low. In 
the arc furnace, due to the back E.M.F. in the arc, which causes 
a lag, the power-factor must be lower than that of a resistance 
furnace, but the power-factor of the induction furnace is worse 
than that of the arc furnace. Later designs of induction 
furnaces show an improvement on the earlier designs, but in 
any case the wide air gap and the necessary departure from the 
usual rules for designing a transformer must prevent a high 
power-factor being obtained. It must be borne in mind that 
the transformer for an induction furnace consists of a water- 
cooled iron core, a primary circuit insulated with air and 
brickwork, and a secondary circuit of molten metal and slag. 

Average figures for the power-factor are about as under : — 
Besiatance Ftirnace. Arc Furnace. Induction Furnace. 

0-96 — 0-97 0-80 — 0-90 0-60 — O'TO 

The lower power-fsictor in the induction furnace is in a 
measure off-set by the steadier current which is drawn from the 
supply, as in the induction type there is an absence of the 
heavy surges characteristic of an arc furnace. This difficulty 
in working arc furnaces is being met by automatic motor 
control of the electrodes or of the individual generator, when 
each furnace is provided with its own generating unit. 
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Rating. — ^The rating of furnaces is somewhat confusing ; 
some types are rated by horse-power and some by capacity. 
Catani rates the Stassano furnace which takes a charge of 
4 to 4§ tons as 1,000 h.p., while Frick rates his 10-ton furnace 
also as 1,000 h.p. Rodenhauser’s 8-ton furnace takes an input 
of 600 k.w. = 800 h.p., and Hjorth’s 5-ton furnace takes an 
input of 500 k.w. = 670 h.p. Hjorth has lately designed a 
30-ton furnace to operate on three-phase 8-cycle energy with 
a power-factor of 0'6, which will be supplied by one generator 
giving 3,540 amps, at 230 volts, though occasionally 4,300 amps, 
will be called for ; this, on normal rating, is 30 tons for 
710 k.w. = 950 h.p. ; there is, however, no record of these 
calculations having been verified by the construction of the 
furnace. The 3-ton Girod takes 500 k.w. and the 12^-ton 
takes 900 to 1,000 k.w. or 3 tons for 670 h.p. and 12J tons for 
1,270 h.p. 

The difference in the ratings appears to be due to the current 
density at which the particular size or type of furnace can be 
worked. In some furnaces there is ample provision for 
absorbing the heat due to a high density, but the “ pinch 
effect ” prohibits the use of such a current density as would 
develop the heat. 

The “ pinch effect ” is the name given to the alteration in 
the level of the metal in the bath due to its being contracted 
or pinched by the passage of the current through it. The 
effect is magnetic and cumulative when it occurs at a point ; 
the metal becomes denser and so of lower resistance ; more 
current then flows, which increases the effect, until in a thin 
bath the circuit may be momentarily broken. 

The makers of induction furnaces claim advantages for their 
system in that the heavy cost of the renewals, as also the loss 
of energy in the electrodes, is avoided. An important point, 
too, is the absolutely clean heat which is provided quite free 
from carbon or from other impurities. Any ingredients which 
can be added in an arc furnace can be added in an induction 
furnace with greater exactitude, as the heavy slag covering is 
not necessary. In fact, in furnaces of the Rochhng-Roden- 
hauser type, it is impossible to work with a heavy slag, as, 
owing to the peculiar shape of the hearth, the slag cannot 
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easily be removed. ; hence the furnace can only be used for the 
refining of metals which are comparatively pure. This point 
is claimed by the arc furnace makers as a feature in favour of 
their system, but, as in other operations, one furnace is not 
best for eveiything ; each type has its own field for which it is 
most suitable. 

It seems to be open to question whether some electric furnaces 
have been or are being judiciously used, and whether attempts 
are not being made to reproduce in them effects which are more 
natural in an open-hearth furnace. The induction electrip 
furnace is essentially a clean finmace, and so seems better 
suited for melting than for refining purposes. Where heavy 
slags, or indeed any slag is worked, ample space must be 
allowed for its formation and control, and the provision of such 
space seems inconsistent with the design of a commercially 
efficient transformer of such abnormal construction as the 
exigencies of the case call for. 

Tempering Furnace. — ^A new electrical Tempering Furnace 
was described in a paper read before the Faraday Society, 
30th March. 1909, by Messrs. Sabersky and Adler. It is made 
by Messrs, the A. E. G. Co., of Berlin, and has been very 
largely supplied to tool makers. They also use it in their own 
works, and find that the life of milling cutters hardened by 
this means is considerably longer than the life of cutters 
hardened in a gas or ordinary furnace. 

The bath consists of a fire-clay crucible, which is cubical in 
its dimensions and is set in an iron framework and packed 
round about with non-conducting material. One flat plate 
electrode is placed on each of two sides of the bath. These 
electrodes are made of Swedish ingot iron, and are practically 
the size of the inside of the bath. The bath is filled with metal 
salts which vary in composition, depending on the temperatxzre 
desired. A bath consisting of three parts of barium chloride 
and two parts of potassium chloride can be controlled from 
1,400° to 2,100° F. ; to prevent electrolytic effects alternating 
current must be used, which is supplied by a transformer with 
suitable tappings for r^ulating purposes. The metal salts are 
nion-otmductors when cold, so that the bath has to be started 
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with an auxiliary electrode, which is used to short-circuit the 
two iron plates. As soon as the salt melts at the point of the 
movable electrode it is. drawn across the bath, leaving a molten 
trail of metallic salts, which acts as a conductor and starts the 
flow of current from one iron electrode to the other. The 
current continues to pass until the whole of the salts are melted 
and the bath is raised to the desired temperature. A current 
of any frequency between 25 and, say, 60 cycles may be 
applied ; with less than 25 cycles electrolytic phenomena 
appear. When the salts are melted the voltage necessary to 
maintain the temperature varies from 5 to 30. The voltage 
when heating up is about 70. 

In order to ensure accurate results in hardening the question 
of temperature is very important ; a thermo-couple type of 
pyrometer is used for the purpose, which consists of platinum 
and platinum-rhodium suitably protected from the action of 
the salts. The E.M.F. on the thermo-couple is read on a dead- 
beat moving coil galvanometer calibrated to read up to 3,000® F. 

The advantage of heating up in a bath of this type as com- 
pared with an ordinary furnace is that the edges and thin parts 
of tools do not get hotter than the body of the tool. Prehminary 
slow heating up is recommended before the main heating takes 
place. The preliminary heating is advantageous, and gives 
better results than if the cold tool were plunged direct into the 
high-temperature bath. The electric bath is, to a certain 
extent, self-regulating, as when the tool is dipped into the salt 
the level rises and the resistance of the bath drops, so that the 
current and heat increase automatically. The bath must be 
ample in sectional area as compared with the size of the tools 
or pieces to be dealt with ; otherwise the resistance of the 
tool may be less than that of the liquid, when the current will 
flow through the tool and the temperature of the bath fall. 
If necessary the current can also be regulated by the switch 
connected to the tappings of the transformer. 
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Sirocco fan, 198 
Special rules, 2, 5 

Sundry tools, gun-rifling, Vickeis, 284, 
285 

plate edge planer, 285 
portable drill, 286 
wheel lathe, 285 
Switchgear, 48 

ironclad, 49 

Telephones, 82 

Western Electric, 83 
Tools, portable, 286 
Trailing cables, 53 

Ventilating fans, electrical, problem 
of, 194 

mechanical, 192 
regulation of, 191, 
194 

tests of, 213 
types of, 212 

Ventilation, 189 

systems of, 191 

Ventilators, air in chimney, 201 

rheostatic v, throttle con- 
trol, 197 

Sirocco type, 198 
Walker type, 202 

Walker fan, 202 

Ward Leonard control, 162 

Welding, 301 

arc, 305 

effect on the eyes of, 310 
Bernados system, 306 
Coffin system, 309 


Welding, Kjellberg system, 309 
Prescot system, 303 
seam- 303 

Thompson machine, 302 
Tudor system, 306 
tyre, 304 

Zerener s^^stem, 309 

Wmder, battery equaliser, 165 
cascade motor, 161 
commutator motor, 162 
contmuous current motor, 162 
Crepelet system, 167 
depth indicator, 174 
induction motor, 155 
Lahmeyer system, 169 
senes parallel motors, 164 
shaft friction, 185 
slip regulator, 179 
speed indicator, 176 
Thury system, 170 
Ward Leonard Ilgner system, 
171 

system, 162 
turbo-genera- 
tor, 164 

Winders, table of typical, 187 
types of, 155 

Windmg drums, types of, 139 

connections, 141 
electrical problem, 152 
engmes, 135 

mechanical problem, 145 
motor, position of, 142 
size of, 150 
power diagram, 150 
speed diagram, 147 
ropes, 84 

torque diagram, 149 
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By Leonard P. Lewis, of the Caledonian Railway ; 
Lecturer on Railway Signalling at the Royal Technical 
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Outlines of Industrial Chemistry 

A SERIES OF TEXT-BOOKS INTRODUCTORY TO 
THE CHEMISTRY OF THE NATIONAL INDUSTRIES. 

EDITED BY 

GUY D. BENGOUGH, M.A., D.Sc. 


An Introduction to the Study of Fuel. 

By F. J, Brislee, D.Sc. 

With many Illustrations. Demy Svo. SjSnet (Seep. 12.) 

The Chemistry of Dyeing and Bleaching 
of Vegetable Fibrous Materials. 

By Julius Hiibner, M.Sc.Tech., F.I.C. 

Demy Svo Illustrated, net. (See p 37) 

The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc. 5/- (5m p 38) 

Iron and Steel. An Introductory Textbook for 

Engineers and Metallurgists. 

By O. F. Hudson, M.Sc., A.R.C.S., and Guy D. 
Bensfousfh, M.A., D.Sc. 6/- net (See p i6.) 

The Chemistry of the Oil Industry. 
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Leather Trades. 
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Photographic Industries. 

And other Volumes. 
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British Progress in Gas Works Plant and 

Machinery. By C. E. Brackenbury, C.E., Author of 

“ Modern Methods of Saving Labour in Gas Works.” 
lUustraUd* Sup^-Royal Svo. 6 f~~ luU 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. H. Y. Webber, C-E. 

Wtih 71 Illustrations Ex Crown Svo. 6/- mi. 


Steam E^ngines, Boilers, etc. 

The Modern Steam Engine : Theory, Design, 

Construction, Use. By John Richardson, M.Inst.C.E. 

With 300 Illustraitons. D$my Svo yj 6 mt. 

This IS a thoroughly practical text-book, but it will also commend itself 
to ail who want to obtain a clear and comprehensive knowledge of the 
steam engine. 

The Una-flow Steam Engine. 

By J. Stiimpf. Fully Illustrated, zo/6 net. 


Turbines applied to Marine Propulsion. 

By Stanley J. Reed. Fully Illustrated 16/- net 

Steam Turbines: 

With an Appendix on Gas Turbines and the Future 
OF Heat Engines. 

By Dr. A. Stodola, Professor at the Polytechnikum in 
Znricb, Authorised Translation by Dr. Louis C. 
Loewenstein, Department of Mechanical Engineering, 
Lehigh University. 

With 241 Cuts and 3 Lithograph Teddies. 48$ pages. Cloth, Demy Svo. 
21/- net. 

Boiler Explosions, Collapses, and Mishaps. 

By E. j . Riramer, B.Sc., etc. ^6 net. 


The Steam Engine and Turbine. 

By Robert G* H. tfedc^ ALE* 


Wfi^ to ro^ Orange Street^ 

Leiceader for jpartumiars of tffty book. 
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Engine Tests and Boiler Efficiencies. 

By J. Buchetti. Translated and Edited from the 3rd 
Edition by Alexander Russell, etc. 

Fully Illusfratsd. Demy Svo io/6 nH. 

Boiler Draught. By H. Keay Pratt, A.M.I.Mech.E. 

Fully Illustrated. Demy 8 vo 4/- net. 

Contents — Draught. Calculations relating to Air • Chimneys Con- 
struction Artificial Draught Forced Draught Induced Draught 
A Comparison The Application of Mechamcal Draught for Land 
Installations The Application of Mechanical Draught in Marine 
Practice The Chemistry of Combustion, Index 

Marine Double-ended Boilers. By John Gray. 

Illustrated. Demy 8 vo 5/- net 

Steam Boilers : Their History and Development. 

By H. H. Powles, M.Inst.M.E., etc. 

Fully Illustrated Imperial 8 vo. 24/— net. 

Boiler Construction. By Frank b. Kieinhans. 

420 pages. With nearly 400 Figures and Tables. Demy Svo 12/6 net. 

Steam Pipes : Their Design and Construction. second 

By W. H. Booth, Author of “ Liquid Fuel,” etc. EdUion. 

Fully Illustrated Demy 5/- net 

The New Steam Tables. Calculated from Professor 
Callendar’s Researches. 

By Professor C. A. M. Smith, M.Sc., and A. Q. Warren, 
S.Sc. 4/- net 

Experimental Researches on the Flow of 
Steam through Nozzles and Orifices, 

to which is added a note on the Flow of Hot Water. 
By a. Rateau. Croum ive. 4/6 net 

Superheat, Superheating, and their Control. 

By W. H. Booth. Illustrated Demy Svo. 6/- net. 

*** Write to Messrs. Constable Co., Ltd.^ lo, Orange Street^ 
Leicester Sqieare^ for fuU pariictdars of any book- 


II 




Puel and Smoke> 


Fuel and Smoke 

An Introduction to the Study of Fuel. 

A text-book for those entering the Engineering, 
Chemical and Technical Industries. 

By F. J. Brislee, D.3c. 

With man^ Illustrations, Demy Soo. 8/6 net. 

General Chemical Principles. Weight and Volume of Air required for 
Combustion. Analysis of Fuel and Flue Gases Calorimetry and 
Determination of the Heating Value of a Fuel. Measurement of 
High Temperatures- Pyrometry. Calculations of Combustion 
Temperatures. Natural Solid Fuels. Artificial Solid Fuels Gaseous 
Fuel The Manufacture of Producer Gas and Water Gas. Theory of 
the Producer Gas and Water Gas Reactions Explosion and the 
Explosion Engine. Air Supply and Measurement of Draught. Furnace 
Efl&ciency and Fuel Economy. Heat Balances, Furnace and Boiler 
Tests. Liquid Fuels. 

Liquid Fuel and its Apparatus. By wuiiam h. 

Booth, RQ.S., M.Am-Soc-C.E., Author of “Liquid Fuel 

and its Combustion/' etc. Demy 8vo Price 6/~ net. 

Part L — Theory and Principles. 

Part II. — Practice. 

Part III. — Tables and Data. 

Liquid Fuel and its Combustion. 

By W. H. Booth, F.Q.S., M.Am.Soc.C.B., Author of 
“Water Softening and Treatment,” “Steam Pipes: 
Their Design and Construction.’’ 

Wtih about 120 lUustraiwns and Diagrams, Imp. 8uo. 24/— net. 

Smoke. Prevention and Fuel Economy. 

By W- H. Booth, F.Q.S.. M.Ain.Soc.C.E., and J. B. C. 
Kershaw. F.I.C. 

Fvlly lUitstrattd. Tktri Edition, revised and enlarged. Demy 8vo. 6J- net 

Liquid and Gaseous F uels, and the Part they play 
in Modern Power Production. 

By Professor Vivian B. Lewes, F.I.C., F.C.S., Prof, of 
Chemistry, Royal Naval Coil^e, Greenwich. 

Wtik 54 lUusiraM&ns, Ex, Crown 8 po. 61^ net. 

Fuel, Gas and Water Analysis for Steam Users. 

By j. B. C. Kershaw. F.I.C. EtiSy imes^rited. Demy 8tm. 8j- net. 

Write ta Messrs. CottsiaMs S> Co^ Ltd., lo, Onmge Street, 
f^tipeste r SgiMwis, ise partumloffs of 


Fuel and Smoke— continued. 


Coal. 

By James Tongue, M.LM.E-, F.G.S., etc. (Lecturer on 
Mining at Victoria University, Manchester.) With 46 
Illustrations. lUustraUd. Bx, Crown Svo, 61- n$U 

Machinery, Power Plants, etc. 

Machine Design. 

By Charles H. Benjamin, Professor of Mechanical 
Engineering in the Case School of Applied Science. 
Numerous Diagrams and Tables Demy 8vo. 8/- nel, 

A Handbook of Testing. 

I. — Materials. 

By C. a. Smith, B.Sc«, Assoc.M.Inst.M.E., Assoc, 

M.lnst.E.E. Professor of Engineering in the University 
of Hong Kong, late of East London College, Author of 
“ Lectures on Suction Gas Plants,’* etc. De?ny 8vo 6j-net 

II. — Prime Movers. In preparation. 

Mechanical Movements, Powers, Devices and 
Appliances. 

Bv Gardner D- Hiscox, M.E., Author of “ Gas, Gasoline, 
and Oil Engines,” etc. 

Over ^00 pages. 1646 Illustrations and Descriptive Text. Demy 8vo. 8/6 net. 

Mechanical Appliances. 

Supplementary Volume to Mechanical Movements. 

By Gardner D. Hiscox, M.E. 

400 pages. About 1,000 Illustrations Demy 8vo. 8/6 net. 

The Elements of Mechanics of Materials. 

A Text-Book for Students in Engineering Courses. 
By C, E> Houghton, A* B., IVI,]V 1 .E. Demy 8vo. Illustrated. y]6nei. 

Water Softening and Treatment : Condensing 

Plant, Feed Pumps and Heaters for Steam Users 

and Manufacturers. By William H. Booth. Second Rdition. 
With Tables and many Illustrations Demy 8vo. 7/6 net. 

Cranes : Their Construction, Mechanical Equipment and 
Working. 

By Anton Bottcher* Translated and supplemented with 
descriptions of English, American and Continental Practice, 
by A. Tolhausen, C«E. Fully illustrated. Cr^wn^to. 4izl-net. 
“ This is by far the finest general work on cranes that has ever appeared. 
It is very voluminous and illustrated, and describes all existing types.” — 
Engineer. 

Write to Messrs. Constable Co., Ltd.^ 10, Orange Street^ 
Leicester Sguare, for full particulars of any book. 
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Machinery, Power Plants, etc. — continued* 


Engineering Workshops, Machines and 
Processes. 

By F. Zur Nedden. Translated by John A. Davenport, 
With an Introduction by Sir A. B. W- Kennedy, LL.D., 
F.R.S. Illtulrated. Demy Zvo. 61 - net 

Dies : Their Construction and Use for the Modern 
Working of Sheet Metals. By Joseph V. Woodworth. 

3S4 pages. With lUustrattons. Demy 8 vo. 13/6 net. 

Modern American Machine Tools. 

By C. H- Benjamin, Professor of Mechanical Engineering, 
Case School of Applied Science, Cleveland, Ohio, U S.A , 
Member of American Society of Mechanical Engineers. 

TVtik 134 Illustrations, Demy 8 vo, i8/- net* 

Precision Grinding. 

A Practical Book on the Use of Grinding Machinery 
FOR Machine Men. By H. Darbyshire. 

Pages viu, + 162, Wiih Illustrations. Crown Svo, Prtce 6/— net. 

Shop ICinks • Fourth EdtUon. 

A Book for Engineers and Machinists Showing Special 
Ways of doing Better, Cheap and Rapid Work. 

By Robert Qrimshaw. With 222 Illustraiions. Crown Svo. 10/6 net 

CamSj and the Principles of their Construction. 

By Q6org:e Jepson, Instructor in Mechanical Drawing in 
the Massachusetts Normal School. Crown Svo. 8 /- net. 

The Economic and Commercial Theory of 
Heat Power-Plants. 

By Robert H. Smith, A.M.Inst.C.E., M.LM.E., 
M.inst.E.E., etc. Prof- Em. of Engineering and Me*n. 
Ord. Meiji. 

Numarmts DU^mms. ^emy Sm. 24/— n^. 

Entropy : Or, Thermodynamics from an Engineer’s 

Standpoint, ^d the Reversibility of Thermodynamics. 
By JaaABS Swinbunie, M.Inst.C.B., M.liist.E.B., etc. 
ISmsInUei wiih Dmgram &. Crown Sno. 4/6 net. 

Write ate Messrs. Cowsted^Ie Co., Ltd., 10, Orange Street, 

' Leic^ter Sgtiawe, fot fuU partiditars of ae^ book. 
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Machinery, Power Plants, etc, — continued. 


Compressed Air : Its Production, Uses ^{vised^d^^" 

and Applications. By Gardner D. Hiscox, Enlarged. 

M.E., Author of “ Mechanical Movements, Powers, Devices, 

etc, 

665 pages. 540 Illustrations and 44 Air Tables. Demy Svo. 20/- Tiet. 

Natural Sources of Power. 

By Robert S. Ball, B.Sc., A.M.Inst.C.E* 

With 104 Diagrams and Illustrations. Ex. Crown Svo, 6/- net. 

Pumps 

Centrifugal Pumps. 

By Louis C. Loewenstern, E.E., Ph.D., and Clarence P. 
Crissey, A 1 <E. 8 vo. 320 Illustrations iS[- net. 

Contents — Theory of Centrifugal Pumps Consumption of Power and 
EflEiciency. The Calculation of Impeller and Guide Vanes. Design of 
Important Pump Parts Types of Centrifugal Pumps Testing of 
Centrifugal Pumps 

Pumps and Pumping Engines : British Pro- 
gress in. 

By Philip R. Bjorling:, Consulting Engineer, Author of 
“Pumps and Pump Motors; ” “ Pumps: their Construction 
and Management,” etc. 

Fully Illustrated. Super-Royal Svo. 6/- net. 

Iron, Steel, and other Metals 

The Basic Open-Hearth Steel Process. 

By Carl Dichmann. Translated and Edited by Alleyne 
Reynolds. Demy Svo. Numerous Tables and Formulte. io/6 net. 

Contents — Introductory Physical Conditions in an Open-Hearth 

Furnace System. Buoyancy General Remarks on Producer Gas. 
Raw Materials for Producer Working Reactions on Gasification in the 
Producer, Stoichiometric Relations. Thermal Conditions in Gasifica- 
tion of Carbon. Influence of the Individual Reactions on the Tempera- 
ture of Reaction. Influence of Incompleteness of Reactions. 
Distillation Gas. Producer Gas Judgment of the Working of Pro- 
ducer from Analysis of the Gas Temperatures in the Producer. 
Change of the Composition of Producer Gas in Conduits and Regener- 
ator Chambers. Air Requirement for Combustion of Gas in the Open- 
Hearth Furnace. Temperatures and Transference of Heat in the 
Combustion Chamber of the Open-Hearth Furnace. Gas and Air on 
their way through the Furnace System. Reducing and Oxidising Pro- 
cesses. The Chemical Action of the Flame. Work done by Heat in 
the Open-Hearth Furnace. Enhancement of the Oxidising Action of 
the Flame Occurrences in Open-Hearth Furnaces and their J udgment. 
The Principle Working Methods of the Basic Open-Hearth. Tables 

and Formulae, 

Write to Messrs, Constable S» Co,^ Ltd.^ lo. Orange Street, 
Leicester Square, for fuU particulars of any book. 
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Iron, Steel, , and other Metals — conutmtd. 


Iron and Steel. 

An Introductory Text-Book for Engineers and 
Metallurgists, 

By O. F. Hudson, M.Sc., A-R*C.-S., Lecturer on Metallo- 
graphy, Birmingham University, with a Section* on 
Corrosion by Guy D. Bengough, M.A., D.5c., Lecturer in 
Metallurgy, Liverpool University; Investigator to the 
Corrosion Committee of the Institute of Metals. 

Contents — Section I — Introductory. — Mechanical Testing. Smelting 
of Iron Ores Properties of Cast Iron Foundry Practice Mixing 
Cast Iron for Foundry Work Malleable Cast Iron Wrought Iron 
Manufacture of Steel — Cementation Process — Crucible Steel Manu- 
facture of Steel — Bessemer Process. Manufacture of Steel — Oj>en- 
Hearth Process. — Electric Furnaces. Mechanical Treatment of Steel. 
— Reheating. Impurities in Steel Constitution of Iron-Carbon Alloys 
Heat Treatment of Steel. Special Steels Steel Castings. Case 
Hardening — Welding- 

Section II. — The Corrosion of Steel and Iron. 

Malleable Cast Iron. 

By S* Jones Parsons, JVi.E. Illustrated. De^ny Svo. 8 /- net. 
Contents — Melting. Moulding. Annealmg. Cleaning and Straightening 
Design Patterns Inspection and Testmg. Supplementary Processes. 
Application 

General Foundry Practice : Being a Treatise on 
General Iron Founding, Job Loam Practice, Moulding, 
and Casting of Finer Metals, Practical Metallurgy in 
the Foundry, etc. By William Roxburs^h, M.R.S.A. 

Wtik over i6o Figures and Illustrations^ Demy Svo io/6 net. 

Contents — General Iron Founding Starting a Small Iron Foundry. 
Moulding S^ds Location of Impurities. Core Gum. Blow Holes 
Burning Castings. Venting. The Use of the Riser in Casting 
Chaplets Shrinkage. 'Pressure of Molten Iron (Ferro-Static Pressure}, 
Feeding or the Compression of Metals. Metal Mixing Temperature 
Defects in Cast-iron Castings. Special Pipes (and Patterns) Green- 
Sand and Dry-Sand. Core Clipping. Machine and Snap Flask 
Moulding. Moulding Cylinders and Cylinder Cores. Jacketed 
Cylinders Core-Sands. Moulding a Corliss Cylinder in Dry-Sand 
General Pipe Core Making Chilled Castings- Flasks or Moulding 
Boxes. Gates and Gating. Jobbmg Loam Practice Loam Moulding. 
Moulding a 36 m. Cyhnder Liner. Moulding a Slide Valve Cylinder. 
Moulding a Cylinder Cover. Cores and Core Irons for a Slide Valve 
Cyhnder. Moulding a Piston. Loam Moulding in Boxes or Casings. 
Moulding a 20 in Loco. Boiler Front Cress-Block. The Use of Ashes 
Dry-Sand in Loam Moulding. Moulding and Casting the Finer 
Metals : Startmg a Small Brass Foundry ; Furnaces ; Waste in 
; Moulding ; Temperatures ; Brass Mixtures, etc. ; Draw and 
Integral Shrink^e ; Position of Casting and Cooling the Castings. 
Bronzes: Aluminium; PiKisphor; Manganese, and running with the 
Ping gate. Casting Speculnms : The Alloy ; Draw ; Treatment of 


*** Wri$e to Messrs. Comtable S- Co., Lid., lo. Orange Street, 
Leieeaier Squaare, for §nrHetdeers c(f cmsf book. 
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Iron, Steel, and other Metals— continued. 


General Foundry Practice— continued 

Castings , Compression and Annealing , Melting and Pouring , Mould- 
ing Aluminium Founding Scabbing , Sand, Gating , Risers , Melting ; 
and Temperature Aluminium Castings and Alloys ** Malleable-Cast. ’ 
Practical Metallurgy in the Foundry General Pattern-making from a 
Moulder’s Point of View Foundry Ovens and their Construction 
Fuels. Foundry Tools. 

Hardening, Tempering, Annealing and 

Forging of Steel. A Treatise on the Practical 
Treatment and Working of High and Low Grade 
Steel. By Joseph V. Woodworth. 

288 pages. With 201 Illustrations, Demy Svo, loj- net. 

Iron and Steel. 

By J, H. Stansbie, B.Sc. (Lond.), F.I.C. 

With 86 Illustrations Ex, Crown Zvo 6/- net. 

The Practical Mechanic’s Handbook. 

By F. E. Smith. 4/6 7iet. (See p 39 ) 

Welding and Cutting Steel by Gases or 
Electricity. 

By Dr. L. A. Qroth. Illustrated Demy 8vo 10/6 net 

The Precious Metals : Comprising Gold, Silver and 

Platinum. By Thomas K. Rose, D.Sc., of the Royal 
Mint. Fully Illustrated. Ex, Crown 8vo, 6/- 7ief 

The Stanneries : A Study of the English Tm Miner. 
By Qeorg'e R. Lewis. 

Demy Svo 6/- net 

** A valuable addition to the history of Cornish mining ’’’ — Mining Journal 

Motor Cars and Rngines 

Text-Book of Motor Car Engineering. 

By a. Graham Clarke, A.M.LMech. E. 

Vol. I. Construction. Fully illustrated. SjG net 
Contents — The General Principles and Construction of the Petrol 
Engine. Details of Engine Construction Petrol Fuels other than 
Petrol. Carburetters and Carburation, Thermodynamics of the 
Petrol Engine Horsepower. Mechanical (Thermal and Combustion 
Efficiencies) The Principles and Construction of Coil and Accumulator 
[gnition Magneto Ignition. Engine Control Systems Engine 
Cooling Systems. Crank Effort Diagrams. Clutches and Brakes. 
Change - Speed Gears. Transmission Gear. Steering Gears. 


Write to Messrs, Constable &• Co., lAd.y 10, Orange Street^ 
Leicester Square^ for full particulars of any hook, 
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Motor Cars and Engines — continued. 


Text“Book of Motor Car Engineering — continued. 

Lubricants. Lubrication, Ball and, Roller Bearings, Chassis 
Construction General Principles of the Steam Car. Steam Engines 
and Condensers Steam Generators and Pipe Diagrams The Electric 
Car. Materials used in Motor Car Construction Syllabus of City and 
Guilds of London Institute m Motor Car Engineering Examination 
Papers Physical Properties of Petrols Mathematical Tables and 
Constants 

VoL IL Design. Fully Illustrated, 7/6 net. 

Contents — Introduction. Materials of Construction General Con- 
siderations in Engine Design. Power Requirements. Determination 
of Engine Dimensions. Cylinders and Valves. Valve Gears. Pistons, 
Gudgeons and Connecting Rods- Crankshafts and Flywheels. The 
Balancing of Engines. Crankcases and Gearboxes. Engine Lubri- 
cating and Cooling Arrangements Inlet, Exhaust and Fuel Piping, 
etc. Clutches and Brakes. Gearmg Transmission Gear. Frames, 
Axles and Springs Torque Rods and Radius Rods Steering Gears 

O’Gorman’s Motor Pocket Book. 

By Mervyn O’Oorman, M.Inst.Mech.E.» etc. 

Ltmp Leather Binding, 7/6 net 

Motor Vehicles and Motor Boats, 

See D-S. Technical Dictionaries in Six Languages, page 4. 


A.eronautics 

Dynamics of Mechanical Flight. 

By Sir George Qreenhill (late Professor of Mathematics in 
the K.M, A,, Woolwich.) DemyBvo, SjEnet. 

Contents. — General Principles of Flight, Light, and Drift. Calculation 
of Thrust and Centre of Pressure of an Aeroplane Helmholtz - 

Kirchhoff Theory of a Discontinuous Stream Line. Gyroscopic Action, 
and General Dynamical Principles. The Screw Propeller. Pneumatical 
Principles of an Air Ship. 

“The present volume should prove invaluable to every student of 
aeronautics who wishes to obtain an msight mto the principles involved 
in the construction and working of flying machines,” — 

Prof. G. H. Bryan, m the Aeronautical Journal, 

Aerial Flight. By F. W. Lanchester. Futty iiiustraud. 
VoL. I. — ^Aerodynamics. Demy ivo. ai/- net. 

VoL. II. — AbrodoNETICS. DemySvo. szl-net. 


Write to Messrs. Constable &- Co., Ltd., lo. Orange Street, 
Leioe^er Sgues^ for ftuSlpai^ipe^rs qf book. 
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A etonautics— continued. 


Aeroplane Patents. 

By Robert M. Neilson, Wh.Ex., M.LMech.E., F.C.I.P.A., 

Chartered Patent Agent, etc. Demy 8 vo, 4/6 net. 

Aeroplanes. 

See D.-S. Technical Dictionaries, Vol. X., in Six Languages, 
page 4. 

Airships, Past and Present. 

By A- Hiidebrandt, Captain and Instructor in the Prussian 
Balloon Corps- Translated by W. H. Story, Copiously 
Illustrated, Demy 8 vo 10/6 net 

Marine and Naval Machinery 

Marine Engine Design, i ncluding the Design of 
Turning and Reversing Engines. 

By Edward M. Bra^rgr, S.B. Crown 8 vo 8/- net 

Cold Storage, Heating and Ventilating on 
Board Ship. talker, r.n. 

The problems of cold storage and heating and ventilating are treated 
exactly as they are presented to a naval architect and marine engineer. 
Directions are given for detecting the causes of various troubles and 
remedying them, and, what is more important, explicit instructions are 
given for operating various types of plants, so as to avoid breakdowns 
Comparatively little has hitherto been published on the subject 

The Elements of Graphic Statics and of 
General Graphic Methods. 

By W. L- Cathcart, M.Arn.Soc.M.E., and J. Irvin 
Chaffee, A.M. 159 Diagrams 12/- net. 

This book IS designed for students of marine and mechanical engineering 
and naval architecture It reviews the principles of graphics and their 
application both to frame structures and to mechanism 

Marine Double-ended Boilers. 

By John Gray. Fully illustrated, sl-nef {Seep ii.) 

Handbook for the Care and Operation of 
Naval Machinery. 

*** V/rite to Messrs. Constable Co., Ltd,, lo, Orange Street, 
Leicester Square^ for fuU ^particulars of any book, 
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Turbines and Hydraulics. 

Turbines and Hydraulics 

Turbines Applied to Marine Propulsion. 

Bv Stanley J- Reed. i6/- net. 

Modern Turbine Practice and Water Power 

Plants, with Terms and Symbols used in Hydraulic 
Power Engineering, 

By John Wolf Thurso, Civil and Hydraulic Engineer. 

With many Diagrams and Illustrations Royal Svo, i6/- net. 

Water Pipe and Sewage Discharge Diagrams. 

By T. C. Ekin, M.Inst.C,E., M.I.Mech.E. Folto. 12/6 net 
These diagrams and tables with accompanying descriptive letterpress 
and examples are based on Kutter’s formula with a coefficient of rough- 
ness of o 013 and give the discharges in cubic feet per minute of every 
mch diameter of pipe from 3 to 48 inches when running full on inclina- 
tions from I to 15 per 1000. 

Hydraulics and its Applications : A Text-book 

for Engineers and Students. By A. H. Gibson, 
D.Sc., M.Inst.C.E. 2nd edition, revised and enlarged. 

Demy Svo 15/- net. 

One of the most satisfactory text-books on Hydraulics extant ” — 

Mechanical World. 

Water Hammer in Hydraulic Pipe Lines : 

Being a Theoretical and Experimental Investigation of the 
Rise or Fall of Pressure in a Pipe Line, caused by the 
gradual or sudden closing or opening of a Valve , with a 
Chapter on the Speed Regulation of Hydraulic Turbines 

Bv A. H« Gibson, D.Sc., M.Inst.C.E. 

Fcap StHJ. 5/- min 

Hydraulics, Text-book of : Including an Outline 

of the Theory of Turbines. By L. M. Hoskins, 
Professor of Applied Mathematics in the Leland Stanford 
Junior University. 

Numerous Tables. Fully Illustrated, Demy Sva. 10/6 net. 

Hydroelectric Developments and Engineering. 

A PRACTICAL AND THEORETICAL TREATISE ON THE DEVELOP- 
MENT, Design, Construction, Equipment and Operation 
OF Hydroelectric Transmission Plants. 

By Frank Koester, Author of Steam - Electric Power 

Plants.” 479 500 lUmsiraiwns, 45 Tables. Imperial Svo. 

, 21/- mi 

Wr^ io Messrs. Ctms^Ie Co., lAd., 10, Orange Street, 
Lmeesimr Square, for fuU fenrtictjdmrs of am^ book. 






Railway Engineering, 


Railway Engineering 

Reinforced Concrete Railway Structures. 

By J, D, W. Ball, A.M.Inst.C.E. net. 

“ Glasgow Text-Books of Civil Engineering/' 

Contents —Preliminary Considerations Bending Stresses. Shear 
Stress. Floors and Buildings. Foundations and Rafts Retaining 
Walls. Bridges Arched Bridges Sleepers, Fence Posts, etc 
Summary of Notation 

The Design of Simple Steel Bridges. 

By P. O. Q. Usborne, late R.E* 12/6 net. 

Contents — Definitions. Bending Moments. Moments of Flexure 
Moments of Resistance Shear Deflection. Solid Beams and 
Examples. Struts and Ties. Rivets and Joints. Rolling Loads 
Bending Moments, Shear Stresses. Loads. Plate Girders Bridge 
Floors Railways, Roads Principles of Bridge Design Plate Girders 
Parallel Braced Girders. Braced Girders (2) Shop Practice and 
General Details. 

Reinforced Concrete Bridges, 22) 

By Frederick Rins:s, M.S.A., M.C.I. 

Railway Signal Engineering (Mechanical). 

By Leonard P. Lewis, of the Caledonian Railway, Glasgow 

(“Glasgow Text-Books of Civil Engineering,” Edited by G Moncor ) 

Profusely Illustrated. Demy 8va. 8/- net 

Contents — Introduction. Board of Trade Rules Classes and Uses of 
Signals Constructional Details of Signals Point Connections 
Interlocking Apparatus Signal Box Arrangements ^Miscellaneous 
Apparatus Signalling Schemes. Interlocking Tables, Diagrams, etc 
Methods of Working Trains Appendix. 

Railway Terms. Spanish- English, English -Spanish 

Dictionary of. By Andr6 Garcia. 12/6 net 

The Railway Locomotive ; what It Is, and Why 
It Is What It Is. 

By Vauffhan Pendred, M.Inst.Mech.E., M.I. & S.Inst. 

Illustrated. Ex. Crown Sve. 61 - net. 

Railway Shop Up-to-Date. 

A reference book of American Railway Shop Practice. 

Compiled by the Editorial Staff of the ** Railway Master 
Mechanic.” 4^. 12/6 net. 

The Field Engineer. i8ih Edthon, Revised and Enlarged 

By WilUamPindiayShunk, C.E. Foohcaf 8v0. Leather. 10/6 net. 


*** Write to Messrs. Constable S* Co.^ Ltd.,, 10, Orange Sireei,^ 
Leicester Squcnre^ for full particulars of any hook. 
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Reinforced Concrete and Cement. 

Reinforced Concrete and Cement 

Reinforced Concrete Railway Structures. 

By J. D. W- Ball, A.M.lnst.C.E. CS«p 21.) 

Reinforced Concrete Bridges. 

By Frederick Rin^s, M.S.A., Architect and Con- 

suiting Engineer. 24/- net 

Contents. — List of Symbols. Introduction. Bending Moments, 
Stresses, and Strains. Loads on Bridges and External Stresses. Cul- 
verts, Coverings, Tunnels, etc Design of Girder Bridges.^ Calculation 
of Girder Bridges and Worked Examples. Examples of Girder Bridges. 
Design of Arched Bridges and Abutments. Theory of the Arch- 
Examples of Arched Bridges. Formulae, Notes, Schedules, and other 
Useful Information. 

Manual of Reinforced Concrete and Concrete 

Block Construction. Second Edition, Revised and Enlarged 

By Charles F, Marsh, M.Inst.C.E.| M.Am.Soc.E., 
M.Inst-M.E.^ and William Dunn, F.R.I.B*A. 

Pocket size, limp Morocco, 290 pages, with 52 Tables of T)ata and 112 
Diagrams, Price 7/6 net. 

A Concise Treatise on Reinforced Concrete : 

A Companion to “ The Reinforced Concrete 
Manual.” 

By Chaiies F. IHarsh, M.Inst.C.E., M.Am.Soc.E., 
M.Inst.M.E. Denty Zvo. Illustrated. ^16 net. 

Properties and Design of Reinforced Concrete. 

Instructions, Authorised Methods of Calculation, Experimental 
Results and Reports by the French Government Commissions 
ON Reinforced Concrete 

By Nathaniel Martin, A.G.T.C., B.Sc., Assoc. M. Inst* C.E., 

Former Lecturer on Reinforced Concrete in the Royal 
West of Scotland Technical College. 8/- net. 

Reinforced Concrete Compression Member 

^ Diagram giving the loading size and reinforce- 
• ments for compression members according to the 
data and methods of Calculation recommended m the Second Report 
of the Joint Committee on Reinforced Concrete and adopted in the 
Draft Regulations of the London County Council. 

By Charles F. Marsh. M.!iist.C.E.> M.Am.Soc.E.. M. 
Inst.M.E. 

/* CJMb Comers, M ce e mtei om Litem, 5/- net. VneteomUei, 3/6 net. 

WrUe to Messrs. Opetstable Oo.t Lid., ice, Orceng^ Street, 
Ijaieesler Sig»mio,JforJua§mtiottlcirse^ems^ haek. 
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Civil Engineering, etc m — continued. 


Timber. 

By J, E. Baterden, Assoc.M.Inst.C.E. 

lllustraUd, Bx Crown Bvo. 6 /- net. 

Contexts — Timber. The World's Forest Supply. Quantities of 
Timber used Timber Imports into Great Britain European Timber. 
Timber of the United States and Canada Timbers of South America, 
Central America, and West India Islands Timbers of India, Burma, 
and Andaman Islands Timber of the Straits Settlements, Malay 
Peninsula, Japan, and South and West Africa. Australian Timbers. 
Timbers of New Zealand and Tasmania. Causes of Decay and 
Destruction of Timber. Seasoning and Impregnation of Timber 
Defects m Timber and General Notes Strength and Testing of 
Timber. “ Figure ” m Timber. Appendix Bibliography. 

Pricing of Quantities. 

Showing a Practical System of Preparing an Estimate 
FROM Bills of Quantities. By Qeorg-e Stephenson, 
Author of “ Repairs,” ‘^Quantities,” etc. Demy 8 vo. 8/- net 

Building in London. By Horace Cubltt, A.R.I.B.A., etc. 

A Treatise on the Law and Practice affecting the Erection and Main- 
tenance of Buildings in the Metropolis, with Special Chapters dealing 
resi>ectivel3’ with the Cost of Building Wort in and around London by 
H. J. Leaning, F.S I., and the Valuation and Management of London 
Property by Sydney A. Smith, F S I. : also the Statutes, Bye-laws and 
Regulations applying m London , cross-references throughout 
Illustrated, with Diagrams Royal Svo, 31/6 net. 

Theory and Practice of Designing. With 

numerous Illustrations. 

By Henry Adams, M.Inst.C.E., M.I.Mech.E. 6/- mi. 
MIotion Study. A Method for increasing the Efficiency 
of the Workman. 

By Frank B. Oilbreth, M.Ani.Soc.M.E. With an Intro- 
duction by Robert Thurston Kent, Editor of Industyial 
Engineering. Crown 8 vo. 44 Illustrations. 4/6 net. 


Surveying, etc. 

Adjustment of Observations by the 

Method of Least Squares : With Application to 
Geodetic Work. 

By Professor Thomas Wallace Wright, M.A., C.B., 

and John Fillmore Ha3^ord, C.B., Chief of the Com- 
puting Staff U.S. Coast and Geodetic Survey. 

Wtih Ti^is Demy Zvo. 12/6 nH, 

Williamscm^ A*M.lnst«C.E., in the 
OOlVCjmg. Series: ‘‘The Glasgow Text-Books of Civil 

Engineering/* see g, 

Write to Messrs, Comsttzble S » Co., Ldd ,^ 10, Orange Street^ 
for fteU pemrtimdeers 0/ cmy hook. 




Municipal Engineerings 


Municipal E^ngineering 

Sewage Disposal Works : Design, Construction 
and Maintenance. 

Being a Practical Guide to Modern Methods of Sewage 
Purification. 

By P. R^aikes, lVI«Inst.C.B. Demy 8 vo. 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie. (S«e p. 26) 

Refuse Disposal and Power Production. 

By W. F- Goodrich. Fully illustrated. Demy 8 vo, x 6 l- net. 

Small Dust Destructors for Institutional and 
Trade Refuse. By F. Goodrich. Demy Bvo. ^J—net 

British Progress in Municipal Engineering. 

By William 11. Maxwell, Assoc.M.lnst.C.B. 

Ftilly Illustrated, Super-Royal Svo 6/- net. 

Water Pipe and Sewage Discharge Diagrams. 

By T, C. Ekin, M.Inst.C.E., ]Vl.I.Mech.E- Folio. 12 j 6 fiet. 

These diagrams and tables with accompanying descriptive letterpress and 
examples are based on Kntter’s formula with a coefficient of roughness 
of 0013 and give the discharges m cubic feet per minute of every inch 
diameter of pipe from 3 to 48 inches when running full on inclinations 
from I to 15 per 1000. 

Modern Sanitary Engineering. Part I. House 

Drainage. Glasgow Text- Books of Civil Engineering.” 

By Gilbert Thomson, M.A., M.Inst.C.E. 6/- net. 

Introductory The Site and Surroundings of the House The General 
Principles of Drainage Design Materials for Drains. The Size of 
Drains The Gradient of Drains. Drain Flushing Traps Their 
Principle and Kfficacy Traps Their Number and Position “Dis- 
connections.” Intercepting Traps and Chambers. Inspection Openings 
and Manholes. Soil, Waste, and Connecting Pipes Water Closets. 
Flushing Cisterns and Pipes Urinals Baths. Lavatory Basins. 
Sinks, Tubs, etc. Trap Ventilation. Designing a System of Drainage. 
Buildings of Special Class. Test and Testing. Sanitary Inspections 
Sewage Disposal for Isolated Houses. Index. 

The Encyclopaedia of Municipal and 

Sanitary Engineering. (Sw p. 5.) 

*5*:’*' Write to Messrs, Constable &> Co,, Ltd., lo. Orange Street, 
Leicester Square, for full particulars of any hook. 
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Irrigation and Water Supply. 


Irrigation and Water Supply 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie, M.Inst.C.E. Fully illustrated 8/6 net. 
Contents — General. Amount of Rainfall Average Rainfall Fluctua- 
tions of Rainfall Probable Average Flow from the Ground Intensity 
of Floods Evaporation. Quantity and Rate per Head Quality, 
Hardness, etc Impurities. Filtration. Sources of Supply Gravi- 
tation ver^s Pumping Rivers and Pumping Works Drainage 
Areas. Deductions trom Rainfall Compensation. Capacity of 
Reservoirs. Sites of Reservoirs. Puddle Trenches. Concrete 
Trenches. Base of Embankment Reservoir Embankments Puddle 
Wall- Formation of Embankment. Masonry Dams. Reservoir 
Outlets. Pip>es through Embankment Culvert under Embankment. 
Flow through Culverts. Valve Pit Central Stopping Tunnel Outlets 
Syphon Outlets Flood or Bye-Channel 'Waste Watercourse and 
Waste Weir. Aqueducts Conduits. Pipes. Service Reservoir. 
Distribution. Valves. Meters House Fittings. 

Irrigation : Its Principles and Practice as a Branch of 
Engineering. 

By Sir Hanbury Brown, K.C.M.G., M.Inst.C.E. 

Second Edition, Fully Illustrated, Demy 8 vo, i6/- net. 

Contents: — Irrigation and its Effects. Basin Irrigation Perennial 
Irrigation and Water “Duty.” Sources of Supply. Dams and 
Reservoirs. Means of Drawing on the Supply Methods of Construction 
Means of Distribution. Masonry Works on Irrigation Canals 
Methods of Distribution of Water, Assessment of Rates and 
Administration. Flood Banks and River Training Agricultural 
Operations and Reclamation Works. Navigation. Appendixes I., II , 
III. Index. 

Irrigation Works. 

The “Vernon Harcourt” Lectures of igio. 

By Sir Hanbuty Brown, K.C.M.G., M.Inst.C.B. 

Demy 8vo, stiff paper cover, i/- net. 

The Practical Design of Irrigation Works. 

By W. G. Blisb, M.Inst.C.E. Second Edition, 

Enlarged and rewrtUen, with over 240 Illustrations^ Diagrams and Fables, 
Impo 8 vo, ^l-net. 

Contents : — Retaining Walls- Dams (Section). Weirs (Section). 
Piers, Arches, Abutments and Floors. Hydraulic Formulas. Canal 
Works — Part I. Submerged Diversion Weirs ; Part II. Under- 
^moes ; Part III. Canal Head Regulators. Canal Falls Qanal 
He^fulatkm Bridges and Escape Heads. Canal Cross-Drainage 'Works. 
Des^n of Channels. Reservoirs and Tanks. Screw Gear for Tank 
SlEdoes and Holler Gates. Appezdlx. 

WrUe Messrs. Conste^U &■ Co.^ LM.y lo, Orange Street, 
Leioesber iS^emrs, Imr feM^eerHtsuXeers ^ any book. 




Irrigation and Water Supply— continued. 


Notes on Irrigation Works. 

By N. F. Mackenzie, Hon. M.A., Oxen. ; M.Inst.C.E. ; 

lately Under- Secretary for Irrigation to the Government of 
India. Demy Svo. 7/6 net 

Contents — Introductory. Statistics required for preparing an Irrigation 
Project Types of Weirs. The Development of Irrigation in Egypt 
since 1884. On the Design of Irrigation Channels Irrigation Revenue 
and Land Revenue in India. 

Telegraphy and Telephony 

The Propagation of Electric Currents in 
Telephone and Telegraph Conductors. 

By J. a. Fleming*, M.A., D.Sc., F.R.S., Pender Professor 
of Klectrical Engineering in the University of London. 
Preface Mathematical Introduction The Propagation of Electro- 
Magnetic Waves Along Wires The Propagation of Simple Periodic 
Electric Currents in Telephone Cables Telephony and Telegraphic 
Cables The Propagation of Currents in Submarine Cables The 
Transmission of High-Frequency and Very Low-Frequency Currents 
Along Wires Electrical Measurements and Determination of the 
Constants of Cables Cable Calculations and Comparison of Theor\^ 
with Experiment Loaded Cables in Practice. 

Second Edition Demy Svo, 8/6 net. 

Toll Telephone Practice. 

By J. B. Theiss, B.S., LL.B., and Guy A. Joy, B, E. 

With an Introductory Chapter. By Frank F. Fowle, 
S- B. Fully Illustrated. 14/- net. 

Contents — Rural Telephone Equipment Toll Cut-in Stations. Toll 
Positions at a Local Switchboard. Toll Switching Systems Small 
Toll Switchboards. Multiple- Drop Toll Switchboards. Multiple-Lamp 
Toll Switchboards. Toll Connections to Local Automatic Systems 
Supervisory Equipment and Toll Chief Operator’s Desk. Toll Wire 
Chiefs Desk. Simplex Systems. Composite Systems Phantom 
Lines. Test and Morse Boards Small Test Panels Line Con- 
struction. Electrical Reactions in Telephone Lmes Cross Talk and 
Inductive Disturbances Methods of Testing. Toll Line Maintenance. 
The Telephone Rep&ter. 

Radio-T elegraphy . 

By C. C. F. Monckton, M.I.B.E. 

With 173 Diagrams and Illustrations. Ex. Crown 8vo. 6j- net. 

Maxwell’s Theory and Wireless Telegraphy. 

Part I. — Maxwell’s Theory and Hertzian Oscillations, by 
H. Poincar^; translated by F- K. Vreeland Part II. — 
The Principles of Wireless Telegraphy, by F. K. Vreeland. 
Diagrams. Dmy 8vo. ip/6 net. 

Write to Messrs. Constable &• Ca., L&f., 10, Orange Street^ 
Leicester Square^ for full particulars of any book. 




Telegraphy and Telephony— continued. 


The Telegraphic Transmission of Photo- 
graphs. By T. Thorne Baker, P.C.S., F.R.P.S., A.I.E.E. 

With 66 Illustrations and Diagrams, Crown Svo. 2/6 net. 

Public Ownership of Telephones. 

By a, N. Holcombe. 8 vo. 8/6 net. 

“We commend this book to the notice of all interested in the study of 
telephone development and administration — Electricity, 


Klectrical E^ngineering 

Application of Electric Power to Mines and 
Heavy Industries. 

By W. H. Patchelly M.Inst.Mech.E.» M.Inst.C.E., 
M.I.M.E., M.Am.Inst.E.E. 10/6 net. 

Contents — Electricity in Mines. Cables. Coal Cutters and Under- 
ground Details. Haulage Gears Rating of Haulages. Winding 
Engines. Types of Electric Winders. Ventilation and Air Com- 
pressing Pumping. Rolling Mills. Machine Tools and Cranes. 
Electric Welding and Furnaces 

Electric Mechanism. Part i. 

SINGLE-PHASE COMMUTATOR MOTORS. 7 l&nei. 

By F. Greedy, A.C.Q.I., A.M.I.E.E*, Assoc.Am.I.E.E* 

Contents — The Chief Types of Single-Phase Motor. Characteristics of 
Series Type Motors. Flux and Current Distribution in Alternating 
Current Motors. Series Type Motors Single-Phase Shunt Type 
Motors. A more exact Theory of the Senes Type Motors, Defimtions 
and Preliminary Investigations. The Effects of Magnetic Leakage on 
the Series Type Motors. Effects of Resistance, Saturation, and the 
Commutating Coil. Comparison of Theory with Experiment. 

Switches and Switchgear. 

By R. Edler. Translated, Edited and Adapted to English 
and American Practice by Ph. Laubach, A.M.LE*E. 

FuUy lUustrated, 12/6 ntt. 

Contents. — Genial Remarks on the Design of Switchgear. Connecting 
Leads — Cable Sockets — Connections — Copper Bars — Contact Blocks 
— Bolts- Contact Springs and Brushes — Carbon Contacts — Devices to 
Eliminate Sparkmg at the M ain Contacts. Switches and Change-over 
S-mtches for Low Pressure and Medium Pressure. High Pressure 
Switches. Fuses. Self-Acting Switches (Automatic Switches), 
Starting and Rt^n^ilating Resistances — Controllers. 

Write to Messrs, Ckmstable S* Co.^ Ltd., 10, Orange Street, 
l^eks&ster Sq$ 4 are, forfiM ^articidlars of any b<^k. 



Electrical Engineering— cotamued. 


Solenoids, Electromagnets and Electro- 
magnetic Windings. 

By Charles Underhill, Assoc.Meni.A.I.E.E. 

3^^ P^g^s Cloth. 2 ,z 8 JUust rations. Demy 8vo 81 - net 

Electrical Engineer’s Pocket Book. » foster” 

A Handbook of Useful Data for Electricians and 
Electrical Engineers, 

By Horatio A. Foster, Mem. A.I.E.E., Mem. A.S.M.E. 

With the Collaboration of Eminent Specialists. 

Fifth Edition, completely Revised and Enlarged. Pocket size. Leather bound 
With thumb index. Over i,6oo pp. Illustrated. 21/- net. 

The Propagation of Electric Currents in 
Telephone and Telegraph Conductors. 

By J. a. Fleming, M.A., D.Sc., F.R.5. iSee^. 27;) 

The Design of Static Transformers. 

By H- M. Hobart, B-Sc., M.Inst.C.E. 

Demy 8vo. Over loo Figures and Illustrations, 6/- net 

Electricity : A Text-book of Applied Elec- 
tricity. By H. M. Hobart, B.Sc., M.Inst.C.E. 

Heavy Electrical Engineering. 

By H. M. Hobart, B.Sc., M.Inst.C.E. 

Fully Illustrated with Diagrams, etc. Demy 8vo. i6/- net. 

Electric Railway Engineering. 

By H. F. Parshall, M.lnst.C.E., etc., and H. M. Hobart, 
B.Sc , M.Inst.C.E. pages and nearly 600 Diagrams and Tables. 

Imp. Svo, 42/- net. 

American Electric Central Station Distri- 
bution Systems. 

By Harry Barnes Gear, A.B., M.E., Associate Member 
American Institute of Electrical Engineers, and Paul 
Francis Williams, B.E., Associate Member American 
Institute of Electrical Engineers. Fully illustrated. 12/- net. 

Write to Messrs. Constable S» Co.y Lid.^ 10, Orange Street, 
Leicester Sqt4are, for fuU particulars of any book. 
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Electrical Engineering— coniinued. 


Electric Railways : Theoretically and Prac- 
tically Treated. 

Illustrated with Numerous Diagrams, Demy Svo, Price io/6 net each volume. 
Sold separately. 

By Sidney W. Ashe, B.S., Department of Electrical 
Engineering, Polytechnic Institute of Brooklyn, and 
J. D. Keiley, Assistant Electrical Engineer, N.Y.C. and 
H.R.R.R. 

Voi-. I. — Rolling Stock, 

VoL. II — Engineering Preliminaries and Direct-Current Sub- 
Stations. 


Electric Lamps. 

By Maurice Solomon, A.M.LE.E. 6/- net. 


Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
OF Hydroelectric Transmission Plants, 

By Frank K'dester, Author of “ Steam - Electric Power 
Plants.** 479 500 Illustrations, 45 Tables, Imperial 8 vo 

net. 

Steam- Electric Power Plants. 

A Practical Treatise on the Design of Central Light 
AND Power Stations and their Economical Con- 
struction AND Operation. 

By Frank Koester* pages Fully Illustrated, Cr. 4to. 21 1 — net 


Electric Power Transmission. 


Fifth Edthen, 
Revised and Enlarged, 

A Practical Treatise for Practical Men. 

By Louis Bell, Ph.D., M.Am.LE.E. 

With 350 Diagrams and Illustrations^ Demy Svo. 16/- net 


The Art of Illumination. 


By Louis Bell, Ph.D. 

Fully Illustrated. 345 pages. Demy Svo. 10/6 net. 

Electric Power and Traction. ‘ 

By F. H. Davies, A.M.I.E.E. 

Wi^ 66 IHustraticns, Ex, Crown Svo, 6 f- net. 

Industrial Electrical Measuring Instruments. 

By Keoehn Edscuinbe, A.M.lnst.C.E., M.I-E.E. 

240^. 126 lUmsiredimes, Damy Svo, 8/- 


HTnifis #0 Messrs. Conskdtie S- Co., Lid., lo^ Orange Sireei, 
tiMeesimr Si^tms,for fuaporUctdeurs of book. 




Electrical Engineering— conUnued. 


Laboratory and Factory Tests in Electrical 
Engineering. 

By Qeor^e F. Sever and Fitzhug^h Townsend. 

Second Edition. Thoroughly revised pages Demy Svo. 12/6 

The Theory of Electric Cables and Net- 
works. ' By Alexander Russell, M.A., D.Sc. 

Illustraied. Demy &vo. 8/- net. 

Testing Electrical Machinery. 

By J. H. Morecroft and F. W. Hehre. 6 \-net 

Continuous Current Engineering. 

By Alfred Hay, D.Sc., M.I.E.E. 

About pages. Fully Illustrated. Demy Svo. ^[- net 

Direct and Alternating Current Testing. 

By Frederick Bedell, Ph.D., Professor of Applied Electricity, 
Cornell University. Assisted by Clarence A. Pierce, Ph.D. 

Demy Illustrated 8/- net 

** It will be found useful by teachers, students, and electrical engineers 
in general practice .” — Electncal Engineer. 

Internal Wiring of Buildings. 

By H. M. LrOnf, M-I.Mech.E-j etc. Fully Illustrated. Crown %vo. 
3/6 net 

Searchlights : Their Theory, Construction 
and Application. 

By F. Nerz. Translated from the German by Charles 
Rodg’ers, Fully Illustrated Royal Svo. 7/6 net. 


Electro=Ch.emistry, etc. 

Experimental Electro-Chemistry. 

By N. Monroe Hopkins, Ph.D., Assistant Professor of 
Chemistry in The George Washington University, 
Washington, D.C. 

With 130 Illustrations. Demy Svo. 12/-- net. 


Write to Messrs. Constable €>> Co., Ltd.y 10, Orange Street^ 
Leicester Square^ for full particulars of any book. 
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Blectro -Chemistry f etc* — continued. 


Practical Electro-Chemistry. secom sdttton. Revised. 

By Bertram Blount, F*S.C., F-C.S,, Assoc- Inst. C.E, 

Illusirated, Demy 15/- net. 

Electro-Metallurgy. 

By J. B. C. Kershaw, F.I.C. 

Wtth 61 Illustrations Ex. Crown Svo. 6/- net. 

Electric Furnaces. Bv j. wright. 

New 2 nd Edition, Revised and Enlarged. Wtth 67 Illustrations. Demy 8 vo Bl 6 net. 

Contents: — Introductory and General. Efl&ciency of the Electric 
Furnace. Arc Furnaces. Resistance Furnaces. Carbide Furnaces. 
Smelting: and Ore Reduction in the Electric Furnace. Dis- 
tillation of Metals. £lectrol3i:ic Furnaces. Laboratory Furnaces 
and Dental Muffles. Tube Furnaces. Glass Manufacture in the Electric 
Furnace Electrodes and Terminal Connections. Furnace Thermometry, 


Lighting 

Electric Lamps. 

By Maurice Solomon, A.C.Q.L, A.M.LE.E. 

Illustrated. Ex. Crown 8 vo. 61 - net. 

The Art of Illumination. 

By Louis Bell, Ph.D., M.Ain.I.E.E. 

Fully Illusiraied. 345 pages. Demy 8 vo. 10/6 net 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. H. V. Webber, C.E. 

With 71 Illustrations Ex. Crown Bvo, 6/- net. 


Thermodynamics 

Entropy ; Or, Thermodynamics from an Engineer’s 

Standpoint, and the Reversibility of Thermodynamics. 

By James Swinburne, M.lnst.C.E., M.Inst.E.E., etc. 

Illustrated mth Digrams. Crown 8 vo. 4/6 net. 

Applied Thermodynamics for Engineers. 

By William D. Ennis, M-E., M-Am-Soc.Mech-E. Pro- 
fes^>r of Mechanical Engineering in the Polytechnic 
Institute of Brooklyn. With 316 lUustraMons. Royal 8 vo. HT-l-net. 

Write to Messrs. Constable ^ Co.^ Ltd.., 10, Orange Street^ 
Ln^CK^er Square, for fail partwtdms of cmy hook. 




Thermodynamics— continued. 


Technical Thermodynamics. 

By Dr. Qustav Zeuner. First English Edition. From 
the fifth complete and revised edition of ^‘Grundziige der 
Mechanischen Warmetheorie.” 

VoL I — Fundamental Laws of Thermodynamics ; Theory of Gases. 
VoL II — The Theory of Vapours. 

Authorised translation by J. F. Klein, D.E., Professor of 
Mechanical Engineering, Lehigh University. 

Illustrated. 2 volumes. Demy Svo 36/- net 

A Text-Book of Thermodynamics. 

By J. R. Partington, of the University of Manchester. 

14/- net. 


Physics and Chemistry 

Industrial Chemistry : A Manual for the Student and 
Manufacturer, 

Edited by Allen Rogers, in charge of Industrial Chemistry, 
Pratt Institute, Brooklyn, N.Y. ; and Alfred B. Aubert, 
formerly Professor of Chemistry in the University of Tvlaine, 
in collaboration with many experts, containing 340 Illus- 
trations. Royal Svo. 24/- net 

Contents — General Processes Materials of Construction Water for 
Industrial Purposes Fluids Producer Gas Power Transmission, 
Boilers, Engines and Motors Sulphuric Acid Nitric Ac d Salt 
and Hydrochloric Acid Commercial Chemicals Chlorine and Allied 
Products Electrochemical Industries Lime, Cement and Plaster 
Clay, Bricks and Pottery, Glass. Dutch Process White Lead 
Sublimed White Lead Pigments, Oils and Paints The Metallurg\ 
of Iron and Steel. Fertilizers Illuminating Gas Coal Tar and its 
Distillation Products The Petroleum Industry The Destructue 
Distillation of Wood Oils, Fate and Waxes Lubricating Oils 
Soaps, Glycerine and Candles. Laundering. Essential Oils Synthetic 
Perfumes, and Flavouring Materials Resins, Oleo-Resins, Gum- 
Resins and Gums Varnish, Sugar. Starch, Glucose, Dextrin and 
Gluten Brewing and Malting Wine Making Distilled Liquors 
Textiles. Dyestuffs and Their Application. The Art of Paper Making 
Explosives Leather. Vegetable Tanning Materials. Glue and 
Gelatine. Casein. 

Problems in Physical Chemistry. With Practical 
Applications- 

By E. B- R. Prideaux, M.A., D 3 c , with a Preface by 
F. Q. Donnan, M.A., Ph.D., F.R.S. 7l6net 

Contents — Prefaces Mathematical Methods and Formulae. Table of 
Logarithms (folder at end). List of Symbols and Abbreviations. 
Units and Standards of Measurement Thermochemistry. Systems 
of One Component. Mixtures Gas Reactions Reactions in Solu- 
tion. Electromotive Force. Kinetics of Molecular and Radioactive 

Change. 

Write to Messrs. Constable Co., Ltd,^ 10, Orange Street^ 
Leicester Square^ for full particulars of any book. 
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Physics and Chemistry— continued. 


The Theory of Ionization of Gases by 
Collision. 

By John Townsend, M.A., F.R,5., Wykeham Pro- 
fessor of Physics in the University of Oxford. 

Crown Svo. 5/6 net. 

Chemical Theory and Calculations ; An 

Elementary Text-book. 

By Forsyth J. Wilson, D.Sc. (Edin.), Ph.D. (Leipzisf), 
and Isodor M. Heilbron, Ph.D- (Leipzig), F.I.C., 
A.R.T.C. 2/6 net 

Radio-Activity and Geology. 

By John Joly, M.A,, Sc.D., F.R.S., Professor of Geology 
and Mineralogy in the University of Dublin. 

Crown 8wo. 7/6 net. 

The Corpuscular Theory of Matter. 

By Sir J. J. Thomson, M,A., F.R.S., D,Sc,, LL.D., Ph.D., 

Professor of Experimental Physics, Cambridge, and Pro- 
fessor of Natural Philosophy at the Royal Institution, 
London. Demy 8po. 7/6 net. 

Electricity and Matter. 

By 3ir J, J. Thomson, M.A., F.R.S., D.Sc., LL.D., Ph.D., 

Crown 8vo. 5/- net. 

The Discharge of Electricity through Gases. 

By Sir J. J. Thomson, M.A., F.R.S., D.Sc., LL.D., Ph.D. 

Crown 8v0. 4/6 net. 

The Electrical Nature of Matter and Radio- 
activity. 

By H. C- Jones, Professor of Physical Chemistry in the 
Johns Hopkins University. 

Second EdtHon. Remsed and largely rewritten. Demy 8vo. 8/- net, 

Radio-Active Transformations. 

By Ernest Rutherford, F.R.S., Profisssor of Physics at 
the McGill ITniveraty, Montreal, Canada. 

Pwlfy FSwstrmiei. J3a»y Sm. x6l- tuL 


*** *> Messrs. Constable Co., Ldd., lo. Orange Street, 

Ijumsesb er Square, for full particulars of an^ hook. 




Physics and Chemistry— continued. 


Principles of Microscopy. 

Being an Introduction to Work with the Microscope. 

By Sir A. E. Wrig:ht, M.D., F.R.S., D,5c., Dublin, 
(Honoris Causa) F.R.C*S,I. (Hon<,)* 

With many Illustrations and Coloured Plates^ Svo. 21/— net. 


Experimental and Theoretical Applications 
of Thermodynamics to Chemistry. 

By Professor Walter Nernst, University of Berlin. 

Ex, Crown Svo, 5/- net 


Vapours for Heat Engines. 

By William D- Ennis, M.E., Mem.Am.Soc.M.E., Pro- 
fessor of Mechanical Engineering in the Polytechnic 
Institute of Brooklyn, Author of Applied Thermo- 
dynamics for Engineers,*' etc. With 21 Tables and 17 
Illustrations. Demy 8vo. 61 - net 
Considerations relating to the use of Fluids other than Steam 
for Power Generation : A Study of desirable Vacuum Limits 
m Simple Condensing Engines : Methods for Computing 
Efficiences of Vapour Cycles with Limited Expansion and 
Superheat : A Volume-Temperature Equation for Dry Steam 
and New Temperature — Entropy Diagrams for Various 
Engineering Vapours. 


Chemistry of the Oil Industries, 

By J. E. Southcombe, M.Sc., Lecturer on Oils and 
Fats, Royal Salford Technical Institute, etc. 7/^ 
Contents : — Preface Introductory Organic Chemistry IMmeral Oils. 
Petroleum and Shale. Mineral Oil Refimng Natural Sources and 
Methods of Preparation of the Saponifiable Oils and Fats Impurities 
occurring in Crude Oils and Fats and the Technical Methods of 
Removing them. Composition and Properties of the Saponifiable 
Oils and Fats in General Composition and Properties of the 
Individual Oils and Fats of Commercial Importance. The Natural 
Waxes, their Composition, and Properties. Analytical Methods. 
Industrial Applications of Fats and Oils. Burning Oils Edible Oils and 
Margarines Polymerised, Boiled and Blown Oils. Turkey-Red Oils 
Saponification of Fats and Oils on a Technical Scale. The Distillation 
of "Fatty^ Acids. Olemes and Steannes. Candle Manufacture Soap 
Making. Glycerine. Conclusion : Scientific and Technical Research 
on Problems m the Oil and Related Industries. Literature 


Write to Messrs, Constable Co,^ Ltd.^ 10, Orange Street, 
Leicester Square^ for full particulars of any book* 
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Physics and Chemistry — continued. 

A Text-Book of Physics. 

By H- E. Hurst, B.A., B. Sc., Hertford College, Oxford, 
late Demonstrator in Physics in the University Museum, 
Oxford, and R. T- Lattey, M.A., Royal Naval College, 
Dartmouth, late Demonstrator in Physics in the 
University Museum, Oxford. 

Illustrations and Diagrams, Demy Svo, Sj6 nit. 

Now published also in three volumes, at the request of many 
teachers. Each part is sold separately. 

Part I. — Dynamics and Heat. 3/6 net. 

Part II. — Light and Sound. 3/6 net. 

Part III. — ^Magnbtism and Electricity. 4I - Jiet . 

Introduction to the Chemistry and Physics 
of Building - Materials. 

By Alan E. Munby, M.A. (Cantab.). Demy Svo, 6]- net. 

Exercises in Physical Chemistry. 

By Dr. W. A. Roth, Professor of Chemistry in the 
University of GreifswaJd. Authorised Translation by 
A. T. Cameron, M.A., B.Sc., of the University of 
Manitoba, illustrated. Demy 8m. 6 /- net. 

The Chemistry of Paints and Paint Vehicles. 

By C. H. HaU. B.S. Crown Svo, 8 /- net. 

Liquid Air and the Liquefection of Gases. 

By T. O’Conor Sloane, M.A., M.E., Ph.D. 

Many Illusirattons. Demy Svo. io/6 net. 

Chemical Re-agents : Their Purity and Tests. 

A New and Improved Text, Based on and Replacing 
THE Latest Edition of Krauch’s Manual. 

By E. Merck. Translated by H. Schenck* 250 pages. Demy 
Svo, 6/- net. 

Van Nostrand’s Chemical Annual. 

A Handbook of Usepui. Data for Analytical, Manu- 
facturing, AND Investigating Chemists, and Chemical 
Students. 

Edited by John C. Olsen, M.A-, Ph.p., Professor of 
Analytical Chemistry, Polytechnic Institute, Brooklyn ; 
with the co-operation of Eminent Chemists. Nearly 100 Tables. 
Crown Sm. 12/6 ned. 

Wr^ to Messrs, Constexble Co,, Ldd,, 10, Orange Street^ 
K^eioesier Square, for fuH particulars of €sr^ 
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Physics and Chemistry— continued. 


Practical Methods of Inorganic Chemistry. 

By F. Moliwo Perkin, Ph-D. 

With Illustrations Crown 8vo 2/6 net. 

Contemporary Chemistry. 

By E. E. Fournier D’Albe, B.Sc., A.R.C.S., M.R.I.A., 

Author of “ The Electron Theory,” etc. 4/- ttef. 

Special attention has been paid to physical chemistry and to current 
attempts at physical and electrical theories of chemical phenomena. 
Contents — Preface The Situation. A Retrospect- The Molecule 
States of Aggregation. Optical Chemistry. The Theory of Solutions 
Osmotic Pressure Affinity. Valency Chemistry’ and Electricity 
Chemical Analysis. Crystallisation. Carbon Compounds Chemistry 
and Life The Chemistry of Metals. Industrial Chemistry. The 
Atomic Theory. Radioactivity The Chemistry of the F uture. Name 
Index Subject-Matter Index 

The Identification of Organic Compounds. 

By Q. B. Neave, M-A., D.Sc., and I. M. Heilbron, Ph.D., 
F.I.C., etc. Crown Svo 4/— net 

Dairy Laboratory Guide. 

By C. W. Melick, B.S.A., M.S. Crown Svo, with 52 lllustraUons, 
5 /- net. 

Detection of Common Food Adulterants. 

By Prof. E. M, Bruce. Crown 8ao. 5/- net 
A handbook for health officers, food inspectors, chemistry teachers and 
students. 

The Chemistry of Dyeing and Bleaching of 
Vegetable Fibrous Materials. 

By Julius Hubner, M.Sc. Tech.,F.I.C, 

Demy Svo Illustrated 14/- net 

Contents — The Vegetable Fibres. Water. Chemicals and Mordants. 
Bleaching. Mercerising Mineral Colours The Natural Colouring 
Matters Basic Cotton Dyestuffs. Substantive Cotton Dyestuffs. 
Sulphur Dyestuffs Acid and Resorcme Dyestuffs. Insoluble Azo- 
Colours, produced on the fibre. The Vat Dyestuffs. Mordant Dye- 
stuffs. Colours produced on the fibre by Oxidation. D3’eing 
Machinery. Estimation of the Value of Dj-estufis Appendix. 
Index. 

The Chemistry of the Coal Tar Dyes. 

By Irving W. Fay, Ph.D. (Berlin). 

Demy Svo. 470 pages, 16/- net 

*** Write to Messrs. Constable <&» Co., 10, Orange Street^ 

Leicester Square, for full particulars of any hook, 
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Manufacture and Industries— continued. 


Mineral and Aerated Waters, and the 
Machinery for their Manufacture. 

By C. Answorth Mitchell, B-A. (Oxon.), F.I.C, 8/6 net. 

Contents : — Origin and Properties of Natural Mineral Waters Gases 
in Natural Waters. Holy Wells The Zem-Zem Well at Mecca. Spas 
and their Springs. Natural Mineral Table Waters. Thermal Springs 
and Radio-activity. Temperatures. Helium and Nitron m Mineral 
Waters- Measurement of Radio-activity. Artificial Radio-active 
Mineral Waters. Carbon Dioxide. Its Preparation, Properties, and 
Uses m the Mineral Water Factory. Artificial Mineral Waters 
Evolution of Carbonating Apparatus. The Machinery of to-day . The 
Pump. Generators Gas Tubes. Soda Water Machines. Combined 
Cooling, etc. Condensers. Soda Water Bottling Machinery. Arrange- 
ment of a Soda Water Factory. Bottles and Bottling Machinery. 
The Making of Ginger Beer. Examination of Mineral Waters 
General Characteristics. The Pressure. Metallic Contaminations 
Baslenoscopic Examinations. Injurious Fermentations — Ropiness 


The Manufecture of Paper. 

By R. W. Sindall« F.C*S. illustrated. Ex. Crown 8vo. 6/- tiet 

Contents '—Preface. List of Illustrations. Historical Notice, Cellulose 
and Paper-Making Fibres. The Manufacture of Paper from Rags, 
Esparto and Straw. Wood Pulp and Wood Pulp Papers Brown 
Papers and Boards Special kinds of Paper. Chemicals used in Paper- 
maJiing. The Process of ‘‘Beating” The Dyemg and Colouring of 
Paper Pulp Paper Mill Machinery’. The Deterioration of Paper 
Bibliography. Index. 

Glass Manufecture. 

By Walter Rosenhain* Superintendent of the Department 
of Metallurgy in the National Physical Laboratory, 

With lUvstrattons. Ex. Crown Svo. 6/- net. 

Contents * — Preface. Physical and Chemical Properties of Glass. The 
Raw Materials of Glass ^lanufacture. Crucibles. Furnaces for the 
Fusion of Glass. The Process of Fusion. Processes used m the 
Working of Glass. Bottle Glass. Blown and Pressed Glass. Rolled 
or folate Glass. Sheet and Crown Glass Colored Glass, Optical 
Glass. Miscellaneous Products. App>endix. 

Decorative Glass Processes. 

By Arthur Louis Duthie* Fully lUustrated. Ex. Crown Svo. 6/- net. 

Contents — Introduction. Various Kmds of Glass in Use: Their 
Characteristics, Comparative Price, etc. Leaded Lights. Stained 
Glass, Embossed Glass. Brilliant Cutting and Bevelling Sand- 
Blast and Crystalline Glass. Gliding. Silvenng and Mosaic. Pro- 
prietary Processes. Patents. Glossary. 


to Messrs. Coffstabie Co.. Ltd.^ zo. Orange Street, 
JLeitxsder Square, for fuU particulars of ancf book. 




Manufacture and Industries— continued. 


The Manufecture of Leather. 

By Hug'h Garner Bennett, M.Sc., F.C.S-, Member of the 
International Association of Leather Trade Chemists. 

Crown Svo. Fully Illustrated, i6l- net. 

Cotton. 

By Prof. C. W. Burkett and Clarence H. Poe. 

Fully Illustrated, Demy Svo, 8/6 net. 

Cotton Seed Products. 

A Manual of the Treatment of Cotton Seed for its 
Products and their Utilization in the Arts. 

By Leebert Lloyd Lambom, Member of the American 
Chemical Society; Member of the Society of Chemical 
Industry. With 79 Illustrations and a map. Demy 8vo, 12/6 net. 

Linseed Oil and other Seed Oils. 

An Industrial Manual by William D. Ennis, M.E*, 
M.Am.Soc.M.E., Professor of Mechanical Engineering, 
Polytechnic Institute of Brooklyn. Medium Szfo. illustrated 
16 /“ net. 

Contents. — Introductory The Handling of Seed and the Disposition 
of Its Impurities Grinding. Tempering the Ground Seed and 
Moulding the Press Cake. Pressing and Trimming the Cakes. 
Hydraulic Operative Equipment. The Treatment of the Oil from the 
Press to the Consumer. Preparation of the Cake for the Market. Oil 
Yield and Output Shrinkage m Production. Cost of Production 
Operation and Equipment of Typical Mills. Other Methods of Manu- 
facturing The Seed Crop The Seed Trade Chemical Character- 
istics of Linseed Oil. Boiled Oil Refined and Special Oils. The 
Linseed Oil Market, The Feeding of Oil Cake. Miscellaneous Seed 
Oils. The Cotton-Seed Industry, Appendix. Glossary Biblio- 
graphical Note. 

Textiles and their Manufacture. 

By Aldred F. Barker, M.Sc. 

Fully Illustrated, Ex, Crown Bvo, 6f— net. 

Contents. — The History of the Textile Industries , also of Textile 
Inventions and Inventors. The Wool, Silk, Cotton, Flax, etc. 
Growing Industries. The Mercerized and Artificial Fibres Employed 
m the Textile Industries The Dyeing of Textile Materials. The 
Principles of Spinning. Processes Preparatory to Spinning The 
Principles of Weavmg. The Principles of Designing and Colouring. 
The Principles of Finishing Textile Calculations. The Woollen 
Industry. The Worsted Industry. The Dress-Goods, Stuff, and 
Linings Industry. The Tapestry and Carpet Industry. Silk Throwing 
and Spinning. The Cotton Industry The Lmen Industry Historically 
and Commercially Considered. Recent Developments and the Future 
of the Textile Industries. 


Write to Messrs. Constable Co., Ltd,, 10^ Orange Street, 
Leicester Square, for full particulars of any Rook. 
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Useful Handbooks and Tables— continued. 


The Law afFecting Engineers. 

By W. Valentine Ball, M.A. (Cantab.), Barrister-at-Law, 

Joint Editor of “ Emden’s Building Contracts.” 

Demy 8vo. io/6 net 

A concise statement of the powers and duties of an engineer, as 
between employer and contractor, as arbitrator and as expert witness, 
together with an outline of the law relating to engineering contracts, and 
an appendix of forms of contract, with explanatory notes 

Tables of Multiplication, Division and Pro- 
portion : For the Ready Calculation of Quantities 
and Costs, Estimates, Weights and Strengths, Wages 
and Wage Premiums. 

Bv Prof. R. H. Smith, A.M,lnst.C.E., M.I.B.E., etc. 2/6 net. 


T f^ttprino- gihEdtiton, 

IjC LLCl lllg . Revised and Enlarged. 

For Draughtsmen, Engineers and Students. 

By Chas. W. Reinhardt. 4/- net 


The New Steam Tables. Calculated from Professor 
Callendar’s Researches. 

By Professor C. A* M. Smith* M.Sc., and A. Q. Warren, 

S.Sc. 4/- net. 


Natural History, Botany, Nature 

Study, etc. 

Natural History in Zoological Gardens. 

Being some Account of Vertebrated Animals, with special 

REFERENCE TO THOSE USUALLY TO BE SEEN IN THE ZOOLOGICAL 

Society’s Gardens in ILondon and similar Institutions. By 
Prank H. Beddard, F.R.S., etc. Illustrated by Gambler Bolton 
and Winifred Austen. Crown 8vo. 3/6 net. New and Cheaper Edition. 

Extinct Animals. 

By Sir E. Ray Lankester, P.R.S. 

W&h « Portrait of Ou Avtkor tmd 218 oOttr Illustrations. New and Revised 
Demy Svo. 3/6 net. 


iprife io Messrs. Constable S» Co.j Ltd.^ 10, Orange Street, 
lAd&ester Square., forfuU particulars of any book. 
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Natural History^ Botany, Nature Study, 

etc, — coniimied. 


From an Easy Chair. 

By Sir E. Ray Lankester, F.R.S. 

Crown SvOn Paper, i/- net ; Cloth, izj- net 
These informal talks on scientific matters that are recurring in general 
conversation, range over a wide variety of subjects It is a book to be 
dipped into in leisure moments , for though its subject-matter is for the 
most part scientific every word is readable and mstructive. 

The Stone Age in North America. 

By Warren K- Moorhead. 

In 2 Volumes, goo pages. With about 700 Illustrations, including 6 in Colour, 
12 tn Photogravure and Several Maps. Crown ^to 3x5. 6d net. 

An archaeological encyclopaedia of the implements, ornaments, weapons, 
utensils, etc , of the prehistoric tribes of North America. The work is 
the result of twenty years’ exploration and study 

Distribution and Origin of Life in America. 

By R, F. Scharff, Ph.D., F.L.S. 

Numerous Illustrations. Large Crown Svo 10/6 net. 

European Animals : Their Geological History and 

their Geographical Distribution. 

By R. P. Scharff, B.Sc., Ph.D., F. L.S. 

Numerous Illustrations. Large Crown Svo. 7/6 net. 

The Nature Student’s Note Book. 

By Rev. panon Steward, M.A., and Alice E. Mitchell. 

Containing Nature Notes, Diary, Classification of Plants, Trees, Animals, 
and Insects in detail 

Interleaved with writing paper Foolscap Svo. 2/- net. 

Fishes, A Guide to the Study of. 

By David Starr Jordan, President of Leland Stanford 
Junior University With Coloured Frontispieces and /^2.J Illustrations. 
In 2 Volumes. Folio 50/— net. 

American Insects. 

By Professor Vernon L. Keliogrsr- With many original 
Illustrations by Mary Wellman. Square Svo. 21/- net 

Life Histories of Northern Animals. An 

Account of the Mammals of Manitoba. 

By Ernest Thompson Seton, Naturalist to the Govern- 
ment of Manitoba. 

In two volumes. Large Svo. Over 600 pages each. With 70 Maps and 600 
Drawings by the Author. Price 73/6 the set. Prospectus on application. 


*** Write to Messrs. Constable Co., Ltd.,, 10, Orange^ Street, 
Leicester Square, for full particulars of any book, 
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Natural History^ Botany, Nature Study, 

etc. — continued. 


Influences of Geographic Environment. 

By E. C. Semple» Author of “ American History and its 
Geographic Conditions-” 

Med 8 vo, 700 pceges. 18 /- net. 

Contents : — Preface. Operation of Geographic Factors m History. 
Classes of Geographic Influences. Society and State in Relation to 
Land. Movements of Peoples in their Geographical Significance 
Geographical Location. Geographical Area. Geographical Boundaries 
Coast Peoples. Oceans and Enclosed Seas. Man’s Relation to the 
Water. The Anthropo-Geography of Rivers. Continents and their 
Peninsulas. Island Peoples. Plains, Steppes and Deserts. Mountain 
Barriers and their Passes. Influences of a Mountain Environment 
The Influences of Climate upon Man Index. 

Outlines of Evolutionary Biology. 

By Arthur Oendy, D-Sc*, F.R.S., Professor of Zoology 
in the University of London (King’s College) ; Zoological 
Secretary of the Linnean Society of London ; Honorary 
Member of the New Zealand Institute ; formerly Professor 
of Biology in the Canterbury College (University of New 
Zealand), and Professor of Zoology in the South African 
College, Cape Town. Second Edition, enlarged, and with a Glossary 
Fully Illustrated. 12/6 net. 

Contents: — The Structure and Functions of Organisms. The Cell 
Theory. The Evolution of Sex. Variation and Heredity The Theory 
and Evidence of Organic Evolution. Adaptation Factors of Organic 
Evolution. Glossary of Technical Terms. 

Plant Physiology and Ecology. 

By Frederic Edward Clements^ Ph.D., Professor of Botany 
in the University of Minnesota. With 125 Illustrations 

Demy Svo, 8/6 net. 

Indian Trees. 

An Account of Trees, Shrubs, Woody Climbers, 
Bamboos and Palms, iNDfOENous or Commonly Cul- 
tivated IN the British Indian Empire. 

By Sir Dietrich Brandis, K.C.I.E., Ph.D, (Bonn), LL.D. 
(Edin.), F.L-S., F.R.Q.S., and Hon. Member of 

the Royal Scottish Arboricultural Society, of the Society 
of American Foresters, and of the Pharmaceutical Society 
irf Great Britam. As^ted by Indian Foresters. 

Demy 16 /- ned. Thwd Impremeon. 

to Messrs. Constable S* Co., Ltd., 10, Orange Street, 
wst gss sm eet particulmrs an^ hook. 
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Agriculture and Farming. 


Agriculture and Farming 

Wool Growing and the Tariff. 

A Study in the Economic History of the United States. 

By Chester Whitney Wrigrht, Ph.D. Svo. 8/6 n^. 

Soils and Manures, by j. AUn Murray, b.Sc. 

Wtth lUusirattons. Demy 8vo. 61- net. 

Contents. — Preface Introductory. The Origin of Soils Physical 
Properties of Soils. Chemistry of Soils. Biology of Soils Fertility. 
Principles of Manuring Phosphatic Manures. Phospho- Nitrogenous 
Manures Nitrogenous Manures. Potash Manures Compound 
and Miscellaneous Manures General Manures Farmyard Manure 
Valuation of Manures Composition and Manunal Value of Various 
Farm Foods. Index. 


Soils: How to Handle and Improve Them. 

By 5. W. Fletcher. 

Upwards of loo IllusiraHofU. Demy 8vo. 8/6 net. 

To Work a Grass Holding at a Living Profit, 
and the Cheap Cottage Problem. 

By H. B. M. Buchanan, B.A. Crovn 8w. if- ntt. 

The First Book of Farming. 

By Charles L, Goodrich. With 85 illustrations Crown 8vo 4/6 net. 


Farm Management. 

By F. W. Card, Professor of Agriculture. 

66 Full-page lUusirattons and numerous useful Tables and Returns Demy 8vo. 
8/6 net 

Farm Animals : How to Breed, Feed, Care for and 
Use them. By E. V. Wiilcox, Fh.D., M.A., U.S.A. 
Department of Agriculture. 

With over 60 full-page Illustrations. Demy 8w. 8/6 net. 


Write to Messrs, Constable Co.^ Ltd.^ 10, Orange Street, 
Leicester Square, for full particulars of any book^ 
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Agriculture and Farming— contimied. 


Law, Patents, etc- 

Building in London. 

By Horace Cubitt, A.R.LB-A., etc. 

A Treatise on the Law and Practice affecting the Erection and Main- 
tenance of Buildings in the Metrojwlis, with Special Chapters dealing 
respectively with the Cost of Building Work in and around London by 
H. J. Leaning, F.S L. and the Valuation and Management of London 
Property by Sydney A Smith. F.S.I ; also the Statutes. Bye-laws and 
Regulations applymg in London , cross-references throughout. 
lllusirixttdy with diagrams. Royal Bvo. 31/6 net. 


Industrial Accidents and their Compensation. 

By Q. L* Campbell, B-S. Crotvn 8vo 4/- net. 


The Law affecting Engineers. 

By W. Valentine Ball, M..A. (Cantab.), Barrister-at-Law, 
Joint Editor of “ Emden’s Building Contracts.” 

Demy 8vo. 10/6 net. 

A concise statement of the powers and duties of an engineer, as 
between employer and contractor, as arbitrator and as expert witness, 
together with an outlme of the law relating to engineering contracts, and 
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This IS a compendium of Patent practice in every British possession 
and in every foreign country which appears on the map. The informa- 
tion given IS in large part obtained from official sources, and is presented 
in a series of articles — one for each State — revised so far as is possible 
by agents practising in the States in question. 
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Essays Biographical and Chemical. 

By Professor Sir William Ramsay, LL.D., F.R.S., 
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